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Sir: 

REISSUE APPLICATION TRANSMITTAL LETTER 

Transmitted herewith is the application for reissue of U.S. Patent No. 5,672,697, issued 
on September 30, 1997, of Chris Buhr, Mark Matteuicci, Norbert W. Bischofberger, and 
Brian Froehler, entitled NUCLEOSIDE 5'-METHYLENE PHOSPHONATES. 

Enclosed are the following: 
1 . SPECIFICATION, CL AIM(S) AND DRAWING(S) 

39 page(s) of specification 
5 page(s) of claims 
1 page(s) of abstract 
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Note: This must include the entire specification and claims of the patent, with the matter to be omitted by reissue 
enclosed in square brackets; and any additions made by the reissue must be underlined, so that the old and new 
specifications and claims may be readily compared. Claims should not be renumbered and the numbering of 
claims added by reissue should follow the number of the highest numbered patent claim. 



Enter the Group Art Unit and Examiner from which the original patent was issued. 
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CU sheet(s) of d fonnal/tZI informal drawings. 

No changes in the drawings upon which the original patent was issued are to be 

made. Therefore, in accordance with 37 C.F.R. § 1 .174, please find attached, in 
the size required for original drawings: 

a copy of the printed drawings of the patent. 

a photoprint of the original drawings. 

2. DECLARATION AND POWER OF ATTORNEY 

8 Pages of declaration and power of attorney. 

An Associate Power of Attorney. 

3. PRELIMINARY AMENDMENT (check if applicable) 

□ enclosed herewith. 

4. OFFER TO SURRENDER THE ORIGINAL LETTERS PATENT IN 
ACCORDANCE WITH 37 C.F.R. § 1.178 IS ATTACHED 

Offer to surrender is by the inventor. 

along with assent of assignee. 

Offer to surrender is by the assignee of the entire interest (and the reissue 

application does not seek to enlarge the claims of the original patent). 

5. LETTERS PATENT 

Original letters patent attached. 

□ Declaration that original letters patent lost or inaccessible. 



Original letters patent or declaration that original letters patent lost or inaccessible 

will be submitted after prosecution on the merits but before the application has 
been allowed. 
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Note: "The application may be accepted for examination in the absence of the original patent or the declaration but 
one or the other must be supplied before the case is allowed." 37 C.F.R. § 1.178. 

Note: "If a reissue be refused, the original patent will be returned to applicant upon his request." 37 C.F.R. § 1.178. 

6. CONSENT OF ASSIGNEE AND ASSIGNEE'S INTEREST 

In accordance with 37 C.F.R. §1. 171(a), this application for reissue is accompanied by 
Consent of Assignee for Reissue and Assignee's Statement of Ownership Interest [37 C.F.R. 
§3.73(b)] with: 

Copy or copies of recorded documentary evidence of a chain of title from the 
original owner to the assignee. 

^3 Designation by reel and frame where documentary evidence of a chain of title from 

the original owner to the assignee is recorded in the Office. 

7. INFORMATION DISCLOSURE STATEMENT (check if applicable) 

attached. 

8. PRIORITY - 35 U.S.C. § 119 

□ Priority of application Serial No. @@ filed on @@ in @@ (country) is 

claimed under 35 U.S.C. § 119. 

□ The certified copy has been filed in prior application Serial No . @@ filed on 
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9. FEE CALCULATION (37 C.F.R. §§ 1.16(h), (i) and G)) 
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1 0. SMALL ENTITY STATUS (if applicable) 

Note: A new verified statement is required for the reissue even if one has been filed in the original patent. 

□ A Verified Statement Claiming Small Entity Status under 37 C.F.R. §§ 1.9 and 

1.27 is enclosed. 

11. METHOD OF PAYMENT OF FEES 

A check in the amount of $ 1 ,570.00 is attached. Please charge any deficiency or 

credit any overpayment to Deposit Account No. 23-3050. 

Please charge my Deposit Account No. 23-3050 in the amount of $ . 

12. AUTHORIZATION TO CHARGE ADDITIONAL FEES 

^ The Commissioner is hereby authorized to charge payment of the following fees 

associated with this communication or credit any overpayment to Deposit 
Account No. 23-3050. 
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Any additional filing fees required under 37 C.F.R. §§ 1.16(a), (f) or (g) 

(filing fees) including fees for presentation of extra claims (37 C.F.R. §§ 
1.16(b), (c) and (d)). 
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Any additional patent application processing fees under 37 C.F.R. §1.17 
and under 37 C.F.R. § 1.20(d). 

The Commissioner is hereby authorized to charge payment of the 

following fees during the pendency of this application or credit any 
overpayment to Deposit Account No. 23-3050. 



Any patent application processing fees under 37 C.F.R. § 1.17 and under 
37 C.F.R. § 1.20(d). 

The issue fee set in 37 C.F.R. § 1 . 1 8 at or before mailing of the Notice of 
Allowance, pursuant to 37 C.F.R. § 1.311(b). 

Any filing fees under 37 C.F.R. § 1.16 including fees for presentation of 



extra claims. 
This sheet is attached in duplicate. 



Date:September 29, 1999 




Registration No. 33,307 



Woodcock Washburn Kurtz 
Mackiewicz & Norris LLP 
One Liberty Place - 46th Floor 
Philadelphia PA 19103 
Telephone: (215)568-3100 
Facsimile: (215)568-3439 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Reissue Application of: 
Buhr, et at 

U.S« Patent No.: 5,672,697 Issued: September 30, 1997 

Serial No.i 652,978 Group Art Unit: 1623 * 

Filing Date: February 8, 1991 Examiner: G. Kunz * 

For: NUCLEOSIDE 5>-METHYLENE PHOSPHONATES 

Assistant Commissioner for Patents 
Washington DC 20231 

Sir: 

CONSENT OF ASSIGNEE FOR REISSUE 
and 

ASSIGNEE'S STATEMENT OF OWNERSHIP INTEREST IN REISSUE 1 

I. In accordance with 37 CFR § L 172(a), ISIS Pharmaceuticals, Inc., assignee of the 
entire interest in U.S. Patent No. 5,672,697, granted on September 30, 1997, to inventor(s) 
Chris Buhr, Mark Matteucci, Norbert W- Bischofberger, and Brian Froehler, hereby 
consents to reissue of said patent for the reasons set forth in the accompanying Reissue 
Declaration. 

II, In accordance with 37 CFR §L 172(a), said assignee of the entire interest in United 
States Patent No. 5,672,697, hereby establishes assignee' s ownership of said patent and its right 
to take action therein under 37 CFR §3.73(b) by: 



Enter die Group An Group and Examiner from which the original patent was issued. 
This paper must accompany tl\e application for reissue 
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specifying that evidence of said ownership is recorded in the Office for each 



assignment in the chain of title at Reel 5666 , Frame 0340 and at Reel 9833, Frame 0012 . 
[Note: list reel and frame for each assignment in chain] 

SI enclosing herewith copies of executed assignment(s) dated February 28. 1991« 
March 20. 1991 and March 18. 1999 which have been submitted for recording in the Office. 

[Note: if other documentation is necessary to show o wnershi p, the Office may require recordation thereof under 
37 CFR §2.73(b)J 



Date: 




B: Lynne Parshall, Esq. 
Executive Vice President and 
Chief Financial Officer 
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NUCLEOSIDE 5 f -METHYLENE PHOSPHONATES 
FIELD OF THE INVENTION 

This invention relates to novel methylene phosphonate nucleosides which exhibit antiviral and 
antitumor activity and novel oligonucleotides derived from methylene phosphonate nucleoside 
5 monomers that have enhanced nuclease stability. The invention also relates to processes for 
preparing the novel compounds, their derivatives and oligonucleotides containing one or more 
5' methylene phosphonate internucleotide linkages. The oligonucleotides are resistant to 
nuclease degradation and are useful for diagnostic and therapeutic applications. 

BACKGROUND ART 

10 Antisense and triple helix oligonucleotides are synthetic oligonucleotides which bind 
complementary nucleic adds (i. e. , sense strand RNA or duplex DNA sequences) via hydrogen 
bonding, thereby inhibiting expression of these sequences. Therapeutic intervention at the 
nucleic acid level using oligonucleotides offers a number of advantages. Inhibition of gene 
expression is more efficient than inhibition of the protein encoded by the gene since 

1 5 transcription of a single DNA sequence gives rise to multiple copies of mRNA which, in turn, 
are translated into many protein molecules. 
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Oligonucleotides have been used to inhibit gene expression in a variety of systems. There are 
several reviews that discuss this topic. 1-4 In addition, the use of oligonucleotides in 
sequence-specific recognition of double stranded DNA 5 ' 6 as well as potential 
chemotherapeutic agents, 7 has been reviewed. 

5 An important feature of the antisense oligomeric probes is the design of the backbone of the 
administered oligomer. Specifically, the backbone should contain internucleoside linkages that 
are stable in vitro and should be structured such that the oligomer is resistant to endogenous 
nucleases, such as nucleases that attack the phosphodiester linkage. 8 At the same time, the 
oligomer must also retain its ability to hybridize to the target DNA or RNA. In order to ensure 

1 0 these properties, a number of modified oligonucleotides have been constructed which contain 
alternate internucleoside linkages. Several of these oligonucleotides are described in Uhlmann, 
E. and Peyman, A., Chemical Reviews (1990) 90:543-584. Among these are 
methylphosphonates (wherein one of the phosphorous-linked oxygens has been replaced by 
methyl); phosphorothioates 8,9 (wherein sulphur replaces one of these oxygens) and various 

15 amidates (wherein NH 2 or an organic amine derivative, such as morpholidates or 
piperazidates, replace an oxygen). These substitutions confer enhanced stability, for the most 
part, but suffer from the drawback that they result in a chiral phosphorous in the linkage, thus 
leading to the formation of 2 n diastereomers where n is the number of modified diester 
linkages in the oligomer. The presence of these multiple diastereomers considerably weakens 

20 the capability of the modified oligonucleotide to hybridize to target sequences. Some of these 
substitutions also retain the ability to support a negative charge and the presence of charged 
groups decreases the ability of the compounds to penetrate cell membranes. There are 
numerous other disadvantages associated with these modified linkages, depending on the 
precise nature of the linkage. Phosphorodithioate modified backbones have been made. 9 ' 10 

25 These modified oligonucleotides are nuclease resistant and are diastereomerically pure. 
However, these modifications further reduce the affinity of the oligonucleotide for its intended 
target. 100 A variety of modified nonionic 11 oligonucleotides including methylphosphonate, 
phosphoroamidate, and phosphotriesters generally are either composed of a mixture of 
diastereomers, have a low affinity for intended targets, or both. 
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A deoxyoligonucleotide comprised from nucleotide monomers that contain a methylene 
(™CH 2 — ) group substituted for the 5 '-oxygen may be resistant to nucleases, especially those 
that leave a 3 ! -phosphate moiety after cleavage of the internucleotidic bond. This results from 
the fact that the requisite P--C bond can not be cleaved under normal physiological conditions. 
5 Additionally, a single diastereomerically pure deoxyoligonucleotide could be prepared, as the 
internucleotide phosphorous linkages would be achiral. We refer to the nucleotides containing 
a methylene (~CH 2 -) group substituted for the 5 ! -oxygen as 5 ! -methylene phosphonates. 

The preparation of ribo {i.e., 2 , -OH) S'-methylene phosphonates is well documented in the 
literature. 12 Uridine, 1315 adenosine, 1315 and guanosine 16 5 -methylene phosphonates have 
10 been prepared. A number of analogues of adenosine 5 -methylene phosphonate have been 
prepared. 17 " 23 In addition, ribavirin 5 ! -methylene phosphonate, 24 as well as a ribo 5'-methylene 
phosphonate containing thiazole-4-carboxamide as the base, has been prepared. 25 Ribo 
compounds having a 3 f -methylene phosphonate have also been prepared. 26 " 28 

There are very few reports of 2'-deoxy 5 f -methylene phosphonates in the literature, and these 
15 are all related to thymidine. Only the syntheses of S'-methylene phosphonates of thymidine, 29 
3'-azidothymidine (AZT), 3031 and 2 ! -deoxy-5-fluoro-uridine 32 have been reported. There have 
been no reports on the syntheses of 5 -methylene phosphonates derived from 
2'-deoxyadenosine, 2 T -deoxycytidine, or 2'-deoxyguanosine. There also have been no reports 
on the synthesis of 5' methylene phosphonate nucleosides having 5-iodouracil, 2-aminopurine 
20 or 2,6-diaminopurine as the base. The 5-iodouridine 5' methylene phosphonate compound 
would be made in an analogous manner to that used to synthesize the 5 ! methylene 
phosphonate derived from thymidine as described for compounds 33 and 37 below. The 
2-aminopurine and 2,6-diaminopurine nucleoside 5 ? methylene phosphonates would be made 
in an analogous manner to that used to synthesize the 5' methylene phosphonate derived from 
25 deoxyadenosine as described for compounds 36 and 40 below. 

Several ribo S'-methylene phosphonate dimers have been synthesized. These include UpCH 2 
U and UpCH 2 A. 33,34 Several ribo 3 ! -methylene phosphonate dimers, 33 as well as a trimer 28 
have been synthesized. These ribo dimers and trimer were prepared using the diester method 
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of oligonucleotide synthesis. 35,36 This method suffers from low product yields, and difficulties 
in purification of the final product. 35 - 36 The method is generally not useful in the preparation 
of longer oligonucleotides. Recently, a ribo oligonucleotide 10-mer consisting of 5'-methylene 
phosphonates, ApA(pCH 2 A) 8 , was prepared enzymatically using polynucleotide 
5 phosphorylase. 37 This technique, however, cannot be used for the preparation of 
oligonucleotides having a defined sequence of mixed bases. 



Only one 2'-deoxy dimer, TpCH 2 T, and one 2'-deoxy trimer, TpCH 2 TpCH 2 T, have been 
reported in the literature. 29 Only the 5'-methylene phosphonate derived from thymidine was 
used in the dimer and trimer. No mixed base 2'-deoxy 5*-methylene phosphonate dimers or 

1 0 longer mixed base, 2'-deoxy 5'-methylene phosphonate oligonucleotides have been reported. 
Additionally, no 2'-deoxy 5'-methylene phosphonate oligonucleotides longer than a 3-mer of 
any kind have been reported. However, recently the synthesis of oligodeoxynucleotides 
containing 5'-methylene phosphonates of 2'-deoxy-4'-carbocyclic nucleosides has been 
reported W. Frick and S. W. Schneller, Meetings Abstract, Conference on Nucleic Acid 

15 Therapeutics, Jan. 13-17, 1991, Clearwater Beach, Fla., p63). 



The present invention relates to the synthesis of 2'-deoxy-5'-methylene phosphonate 
oligonucleotides of length 2-30 of mixed base composition. These oligodeoxynucleotides are 
prepared using the phosphotriester method 38 from suitably protected 2'-deoxy 5'-methylene 
phosphonate nucleotide monomers. We prepared novel 5'-methylene phosphonates in both a 

20 protected form that was suitable for oligonucleotide synthesis, as well as in a completely 
deprotected form. Some of the novel 5'-methylene phosphonates that were prepared were 
derived from 2'-deoxyadenosine, 2'-deoxycytidine, and 2*-deoxyguanosine. The monomers 
described herein are suitable for solid phase oligonucleotide synthesis by triester chemistry. 
Previous methods utilized diester chemistry which is more difficult and generates low yields 

25 of product. Oligonucleotides containing 2 , -deoxy-2 , -fluoro-ribonucleotides are of interest 
because the conformation of the sugar closely resembles that of RNA and consequently these 
oligonucleotides have a higher affinity to DNA than normal oligodeoxyribonucleotides (M. 
Ikehara, Heterocycles 1984, 21, 
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DISCLOSURE OF THE INVENTION 

The present invention discloses oligonucleotides and methods for their synthesis of formula 



5 and stereoisomers thereof, wherein each B is independently a purine or pyrimidine base or 
modified form each Z is independently a noninterfering substituent, preferably hydrogen, P0 3 ~ 
or a protecting group; each R 1 is independently hydrogen, hydroxyl, fluorine or methyl ester; 
each Y is independently OR 2 , N(R 2 ) 2 or SR 2 wherein, each R 2 is independently hydrogen or 
alkyl (1-12 C); X is selected from oxygen and sulfur; n is an integer from 1 to 200. Bases such 
10 as adenine, guanine, cytosine, thymine and uracil as well as modified forms (base analogs) 
such as 5-methylcytosine, azmdinylcytosine, 8-hydroxy-N 6 -methyladenine,pseudoisocytosine 
and inosine are preferred. The oligonucleotides contain one or more 5 f methylene phosphonate 
linkages. The oligonucleotides may be synthesized from derivatives disclosed herein of 
monomers of formula (II): 



wherein B is a purine or pyrimidine base or modified form; each R 1 is independently 
hydrogen, hydroxyl, fluorine or methyl ester; each Y is independently OR 2 , N(R 2 ) 2 or SR 2 
wherein, each R 2 is independently hydrogen or alkyl (1-12 C); and X is selected from oxygen 
and sulfur. Bases such as guanine, adenine, cytosine, thymine, uracil, iodouracil, 



(I): 




Z 



15 
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8-hydroxy-N 6 -methyladenine, azmdinylcytosine, 2-aminopurine, 2, 6-diaminopurine or other 
base analogs or altered forms may be utilized. Alternative monomer structures, such as 2 ! ,3' 
epoxides and 2',3'dideoxy didehydro sugars may also be synthesized. 

The free 5 '-methylene phosphonate nucleosides present enzymatically nonhydrolysable 
5 isosteres of mononucleotides. As such they can be converted intracellularly by cellular kinases 
to the corresponding nucleoside phosphono triphosphates, incorporated into DNA by 
polymerases and thus interfere with cellular metabolism. Thus, such nucleoside phosphonates 
potentially exhibit antiviral and antitumour activity. For example, several acyclic methylene 
phosphonates such as the methylene phosphonates derived from ganciclovir, and acyclovir 
10 are potent antivirals. 3942 Other nucleoside phosphonates have been claimed in a patent 
application (Elmer Reist et al, Stanford Research Institute, PCT publication no. WO 
84/04748). The novel 5'-methylene compounds that are described herein thus have useful 
antiviral or antitumour activities. 



The oligonucleotide and nucleoside monomer compounds possess antiviral activity and can 
15 be used in the control or prevention of viral infections, e.g. of herpes simplex vital infections. 
The in vitro activity of the compounds of formula I and their tautomers in inhibiting herpes 
simplex virus type 2 (HSV-2) can be demonstrated by means of the following plaque 
reduction procedure. Host VERO cells are infected with virus stock containing a known 
number of infectious virions in the presence of various concentrations of compound. Plaques 
20 in the cell monolayer are then counted and compared to untreated controls and to acydovir 
treated controls. The degree of inhibition at each concentration of compound is expressed as 
a percentage of the control titer (100%). The IC 50 value, namely the concentration of 
compound which inhibits viral activity by 50%, is then calculated. The results that are 
obtained with representative compounds show that virus titer reductions occur. 

25 The compounds disclosed herein can be used as medicaments in the form of pharmaceutical 
preparations which contain them in association with a compatible pharmaceutical carrier 
material. This can be an organic or inorganic carrier suitable for enteral, e.g. oral, or parenteral 
administration. Examples of such carriers are water, gelatin, gum arabic, lactose, starch, 
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magnesium stearate, talc, vegetable oils, polyalkylene glycols and petroleum jelly. The 
pharmaceutical preparations can be made up in a solid form, e.g. as tablets, dragees, 
suppositories or capsules, or in a liquid form, e.g. as solutions, suspensions or emulsions; they 
may be subjected to standard pharmaceutical operations, e.g. sterilization and/or may contain 
5 adjuvants, e.g. preserving, stabilizing, wetting or emulsifying agents, salts for varying the 
osmotic pressure or buffers. The compounds may also be formulated in a manner suitable for 
administration as an aerosol. They may also contain other therapeutically valuable substances . 

The compounds disclosed herein and their tautomers can be administered for the control or 
prevention of viral infection, such as herpes simplex viral infections, to warmblooded animals 

10 in need of such treatment. The disclosed compounds and their tautomers can be administered 
to adult humans in a daily dosage of from about 1 to 1000 mg, preferably about 5 to 500 mg. 
The daily dosage may be administered as a single dose or in divided doses. The above dosage 
range is given by way of example only and can be varied upwards or downwards depending 
on factors such as the particular compound being administered, the route of administration, 

1 5 the severity of the indication being treated and the condition of the patient. 

Experimental Section 

General. Flash chromatography refers to the procedure of Still et. al. 43 Drying refers to drying 
over Na2 S0 4 , filtration, and concentration. All reactions requiring dry solvents were run under 
a dry argon atmosphere. 
20 The following six tables show structures for compounds 1 through 90. 



TABLE 1 
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Compound 


B 


R 1 


R 2 




1 


Qlb 


H 


H 




3 


C Bz 


H 


H 




5 


A Bz 


H 


H 


5 


2 


Qlb 


H 


DMT 




4 


c Bz 


H 


DMT 




6 




H 


DMT 




7 


T 


H 


DMT 




8 


Qlb 


TBS 


H 


10 


g 


pBz 


TRS 


tr 
1 1 




10 


A Bz 


TBS 


H 




11 


T 


TBS 


H 




12 


T Bn 


Bn 


H 
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For tables 1-6; G = guanine; C - cytosine; A = adenine; T = thymine; G Ib = N 2 
15 -isobutyrylguanine; C Bz = N 4 -benzoylcytosine; A Bz = N 6 -benzoyladenine; T Bn = 
N 3 -benzylthymine; Bn = benzyl; DMT = 4,4'-dimethoxytrityl; TBS = t-butyldimethylsilyl; 
+HTEA = hydrogentriethylammonium 



TABLE 2 




20 Compound B R 1 

13 G" 3 TBS 

15 C Bz TBS 

17 A Bz TBS 

19 T TBS 

25 21 T Bn Bn 



For definition of abbreviations, see Table 1. 
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TABLE 3 






Compound 


B 


R 1 


R 2 


R 3 


5 


14 


Qlb 


TBS 


Ph 


Ph 




16 


C Bz 


TBS 


Ph 


Ph 




18 


A Bz 


TBS 


Ph 


Ph 




20 


T 


TBS 


Ph 


Ph 




22 




Bn 


Ph 


Ph 


10 


23 


rpBn 


Bn 


Me 


Me 




24 




H 


Me 


Me 




25 


'pBn 


Bn 


Bn 


Bn 




26 


Qlb 


H 


Ph 


Ph 




27 


C Bz 


H 


Ph 


Ph 


15 


28 


A Bz 


H 


Ph 


Ph 




29 


T 


H 


Ph 


Ph 




30 


Qlb 


H 


Me 


Me 




31 


C Bz 


H 


Me 


Me 




32 


A Bz 


H 


Me 


Me 


20 


33 


T 


H 


Me 


Me 




34 


Qlb 


H 


H 


H 




35 


C Bz 


H 


H 


H 




36 


A Bz 


H 


H 


H 




37 


T 


H 


H 


H 


25 


38 


G 


H 


H 


H 




39 


C - 


H 


H 


H 
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40 


A 


H 


H 


H 


41 


Qlb 


DMT 


Ph 


Ph 


42 


C Bz 


DMT 


Ph 


Ph 


43 


A Bz 


DMT 


Ph 


Ph 


A A 

44 


T 


DMT 


Ph 


Ph 


45 


Qlb 


DMT 


Ph 


+HTEA 


46 


c Bz 


DMT 


Ph 


+HTEA 


47 


A Bz 


DMT 


Ph 


+HTEA 


48 


T 


DMT 


Ph 


+HTEA 



10 For definition of abbreviations, see Table 1 . 
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Compound 


B 


R 1 


R 2 


49 


Qlb 


H 


H 


51 


C Bz 


H 


H 


53 


A Bz 


H 


H 


50 


Qlb 


H 


DMT 


52 


C Bz 


H 


DMT 


54 


A Bz 


H 


DMT 


55 


T 


H 


DMT 


56 


Qlb 


TBS 


H 


57 


QBz 


TBS 


H 


58 


A Bz 


TBS 


H 


59 


T 


TBS 


H 



25 For definition of abbreviations, see Table 1 . 
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TABLE 5 




Compound 


B 


R 1 


60 


Qlb 


TBS 


62 


C Bz 


TBS 


64 


A Bz 


TBS 


66 


T 


TBS 



For definition of abbreviations, see Table 1 . 
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10 




R— O 



15 



20 



Compound 

61 
63 
65 
67 
68 
69 
70 
71 
72 
73 
74 



B 

Qlb 
C Bz 
A Bz 

T 

C Bz 

A Bz 
T 

Qlb 
C Bz 
A Bz 



R 1 

TBS 

TBS 

TBS 

TBS 

H 

H 

H 

H 

H 

H 

H 



R 2 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Me 

Me 

Me 



R 3 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Me 

Me 

Me 
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75 


T 


H 


Me 


Me 




76 


Qlb 


H 


H 


H 




77 


C Bz 


H 


H 


H 




78 


A Bz 


H 


H 


H 


5 


79 


T 


H 


H 


H 




80 


G 


H 


H 


H 




81 


C 


H 


H 


H 




82 


A 


H 


H 


H 




83 


Qlb 


DMT 


Ph 


Ph 


10 


84 


C Bz 


DMT 


Ph 


Ph 




85 


A Bz 


DMT 


Ph 


Ph 




86 


T 


DMT 


Ph 


Ph 




87 


Qlb 


DMT 


Ph 


+HTPA 




88 


C Bz 


DMT 


Ph 


+HTEA 


15 


89 




DMT 


Ph 


+HTEA 




90 


T 


DMT 


Ph 


+HTEA 



For definition of abbreviations, see Table 1. 
N 2 -Isobutyryl-2'-deoxyguanosine (1): 

The acylation by transient protection method of R. A. Jones 44 was used. To a stirred mixture 
20 of 4.28 g (15.0 mmol) of 2 , -deoxyguanosine monohydrate (that was first concentrated from 
dry pyridine) in 1 50 mL of dry pyridine that was cooled on an ice water bath was added 9.75 
mL (76.8 mmol, 5.12 equiv) of chlorotrimethylsilane dropwise, over several minutes. After 
30 min., 12.8 mL (76.9 mmol, 5.13 equiv.) of isobutyric anhydride was added dropwise, over 
several minutes. The ice bath was removed and stirring was continued for 2 h. The reaction 
25 mixture was then cooled on an ice water bath, and 30 mL of cold H 2 O was added to the 
reaction. After 15 min., 30 mL of concentrated aqueous ammonia was added. The reaction 
was stirred for 30 min., and then concentrated. The residue was taken up in 100 mL of H 2 O 
and extracted with Et 2 O. The title compound was either crystallized from the aqueous layer, 
or was isolated by flash column chromatography. 
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N 2 4sobul5ayl-5 , -0-(4,4 f -dimethoxytrityl)-2 ! -deoxyguanosm^ (2): 

The tritylation procedure of Jones 45 was modified such that no DMAP was used. To 3.37 g 
(10.0 mmol) of N 2 -isobutyryl-2'-deoxyguanosine (that was first concentrated from dry 
pyridine) in 50 mL of dry pyridine, was added 4.06 g (12.0 mmol, 1.20 equiv.) of 
5 4,4'-dimethoxytrityl chloride. The reaction was stirred for 15 h, and then concentrated. The 
residue was partitioned between CH 2 Cl 2 and 0.5% aq. NaHC0 3 , shaken, and separated. The 
organic layer was washed with 0.5% aq. NaHC0 3 and dried. The crude product was purified 
by flash chromatography. 

N 4 -Benzoyl-2 ! -deoxycytidine (3): 
1 0 This compound was prepared from 2 ! -deoxycytidine monohydrate by the same procedure used 
for the preparation of N 2 -isobutyryl-2 f -deoxyguanosine except that 9.0 mL (77.5 mmol, 5.17 
equiv.) of benzoyl chloride was used instead of isobutyric anhydride. 

N 4 -Benzoyl-5 ! -0-(4,4 , -dimethoxytrityl)-2 , -deoxycytidine (4): 

This compound was prepared from N 4 -benzoyl-2 f -deoxycytidine by the same procedure used 
1 5 for the preparation of N 2 -isobutyryl-5 ! -0<4,4 ! -dimethoxytrityl)-2 ! -deoxyguanosine. 

N 6 -Benzoyl-2 ! -deoxyadenosine (5): 

This compound was prepared from 2 r -deoxyadenosine monohydrate by the same procedure 
used for the preparation of N 4 -benzoyl-2-deoxycytidine. 

N 6 -Benzoyl-5-0-(4,4 , -dimethoxytrityl)-2 , -deoxyadenosine (6): 
20 This compound was prepared from N 6 -benzoyl-2'-deoxyadenosine by the same procedure 
used for the preparation of N 2 -isobutyryl-5 f -0-(4,4'-dimethoxytrityl)-2 r -deoxyguanosine. 

5 ! -0-(4,4 f -Dimethoxytrityl)-thymidine (7): 

This compound was prepared from thymidine by the same procedure used for the preparation 
of N 2 -isobutyryl-5 , -0-(4,4 f -dimethoxytrityl)-2 , -deoxyguanosine. 
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S'-O-t-Butyldimethylsilyl-N 2 -isobutyryl-2 ! -deoxyguanosine (8): 

To a stirred solution of 2.00 g (3.13 mmol) of N 2 
-isobutyryl-5 ? -0-(4 ? 4 ! -dimethoxytrityl)-2-deoxyguanosine and 1.54 g (22.6 mmol, 7.22 
equiv.) of imidazole in 12.5 mL of dry DMF was added 1.16 g (7.70 mmol, 2.46 equiv.) of 
5 t-butyldimethylsilyl chloride. The reaction was stirred at room temperature for 3 .5 h and then 
concentrated. The residue was partitioned between CH 2 Cl 2 and H 2 O, shaken, and separated. 
The organics were washed with H 2 O and concentrated (not dried). The crude residue was then 
stirred in 100 mL of 80% aq. HO Ac for 1.5 h and then concentrated. The residue was 
partitioned between CH 2 Cl 2 and H 2 O, shaken, and separated. The organics were washed with 
10 sat. aq. NaHC0 3? H 2 O, and dried. The crude product was purified by flash chromatography 
on a 40 mm column using one column volume of 2% TEA in CH 2 Cl 2? then one column 
volume of 2% TEA and 2% MeOH in CH 2 Cl 2 , and then 2% TEA and 4% MeOH in CH 2 Cl 2 . 
The product was concentrated from toluene affording 1.18 g (83.7% yield). 

3'-0-t-Butyldimethylsilyl-N 4 -benzoyl-2-deoxycytidine (9): 
1 5 This compound was prepared from N 4 -benzoyl-5 f -0-(4,4 ! -dimethoxytrityl)-2'-deoxyc3^tidine 
by the same pixx^dure used forthe preparation of3 f ^t-bulyldimethylsilyl-N 2 -isobutyiyl-2'-deoxyguanosine. 

3 f -0-t-Butyldimethylsilyl-N 6 -benzoyl-2 ! -deoxyadenosine (10): 

This compound was prepared fromN 6 -benzoyl-5 , -0-(4,4 , -dimethoxytrityl)-2 ! -deoxyadenosine 
by the same procedure used for the preparation of S^t-butyldimethylsilyl-N 2 -isobutyryl-2 ! -deoxyguanosine. 

20 3 r -0-t-Butyldimethylsilylthymidine (1 1): 

This compound was prepared from 5 , -0-(4,4 , -dimethoxytrityl)-thymidine by the same 
procedure used for the preparation of 3-O-t-butyldimethylsilyl-N 2 -isobutyryl-2-deoxyguanosine. 

3 r -0,N 3 -Dibenzylthymidine (12): 

To a stirred solution of 2. 1 8 g of 5 ! -0-(4,4 f -dimethoxytrityl)-thymidine (4.00 mmol) in 52 mL 
25 of dry DMF was carefully added 2.00 g of a 60% oil dispersion of NaH. The reaction was 
stirred at room temperature for 5 min. To the mixture was added 4.77 mL (40.1 mmol, 10.0 
equiv.) of benzyl bromide dropwise, over several minutes. After 1 h, the reaction was cooled 
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on an ice-water bath. Then, 12 mL of sat. aq. NaHC0 3 was carefully added (vigorous 
hydrogen gas evolution) dropwise, over several minutes. The mixture was stirred for 10 min, 
and then concentrated. The residue was then stirred in 100 mL of 80% aq. HO Ac at room 
temperature for 1 .5 h, and then concentrated. The crude residue was partitioned between CH 2 
5 Cl 2 and H 2 O, shaken, and separated. The organic layer was washed with sat. aq. NaHC0 3 , H 2 
O, and then dried. The crude product was purified by flash chromatography on a 50 mm 
column using two column volumes of CH 2 Cl 2? two column volumes of 1 % MeOH in CH 2 Cl 2 , 
and then 2.5% MeOH in CH 2 Cl 2 as eluents. This afforded 1 .49 g of product (88.2% yield) as 
a colorless solid. 

10 Diphenyl [9-(3-04-Butyldimethylsilyl-2^ y^-N 2 
-isosbutyrylguanme]-6'-phosphonate (13): 

Literature methods 39 were adapted for the preparation of the title compound. To a solution of 
106 mg of S'-O-t-butyldimethylsilyl-N 2 -isobutyryl-2 ! -deoxyguanosine (0.236 mmol) and 294 
mg of dicyclohexylcarbodiimide DCC (1.42 mmol, 6.02 equiv.) in 1.3 mL of dry DMSO was 

1 5 added 11.3 mg of methylphosphonic acid (0.118 mmol, 0.50 equiv.). The reaction was stirred 
at room temperature. After 18 h; dry pyridine (0.080 mL) and then 120 mg (0.236 mmol, 1 .00 
equiv.) of diphenyl [(triphenylphosphoranyhdene)methyl]phosphonate 46 were added. Another 
0.80 mL of dry DMSO was added. The reaction was stirred at room temperature. After 27 h, 
the reaction was diluted with CH 2 Cl 2 , washed with 2.times.H 2 O, and dried. The crude 

20 material was flashed on a 25 mm column using one column volume of CH 2 Cl 2? then one 
column volume of 3% MeOH in CH 2 Cl 2 , and then 6% MeOH in CH 2 Cl 2 as eluents. The 
product containing fractions were combined and concentrated. The product was purified again 
purified by flash chromatography on a 25 mm column using one column volume of 12.5% 
EtOAc in CH 2 Cl 2 , then one column volume of 25% EtOAc in CH 2 Cl 2? and then 50% EtOAc 

25 in CH 2 Cl 2 as eluents. This procedure afforded 9.4 mg (6.0% yield) of product. 

Diphenyl [9-(3-04-Butyldimethylsilyl-2,5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N. sup.2 
-isobutyrylguanine]-6 f -phosphonate (14): 

To a solution of 9.4 mg (0.0138 mmol) of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 3 5,6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 2 
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-isosbu1yrylguanine]-6'-phosphonatein20mLofMeOH was added a catalytic amountof 10% 
Pd on carbon. The mixture was hydrogenated at 260 psi of H 2 (in a Parr reaction vessel) for 
3 h. The mixture was filtered through Celite and concentrated. The crude product was purified 
by flash chromatography on a 1 5 mm column using one column volume of CH 2 Cl 2> then one 
5 column volume of 12.5% EtOAc in CH 2 Cl 2? then one column volume of 25% EtOAc in CH 2 
Cl 2 , and then 50% EtOAc in CH 2 Cl 2 as eluents. This procedure afforded 2.0 mg (21.3% yield) 
of product. 

Diphenyl [l-(3-04-Butyldimethylsilyl-2,5>^ yl)-N 4 
-benzoylcytosine]-6 f -phosphonate (15): 
1 0 This compound is prepared from 3 ! -0-t-butyldimethylsilyl-N 4 -benzoyl-2'-deoxycytidine by 
the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-P-D-ribo-hex-5-enofuranos yl)-N 2 
-isosbutyrylguanosine]-6 ! -phosphonate. 

Diphenyl [ 1 -(3-04-Butyldimethylsilyl^ sup .4 

1 5 -benzoylcytosine]-6'-phosphonate (16): 

This compound is prepared from diphenyl 
[l-(3-0-t-butyldimethylsilyl-2 5 5,6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 4 
-benzoylcytosine] -6 ? -phosphonate by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 > 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N. sup. 2 

20 -isobutyrylguanosine] -6 f -phosphonate. 

Diphenyl [9-(3-04-ButyldimethylsilyL yl)-N 6 
-benzoyladenine]-6 -phosphonate (17): 

This compound is prepared from 3 T -0-t-butyldimethylsilyl-N 6 -benzoyl-2'-deoxyadenosine 
by the same procedure used for the preparation of diphenyl 
25 [9-(3-0-t-butyldimethylsilyl-2 ? 5 5 6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 2 
-isosbutyrylguanosinel-e'-phosphonate. 
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Diphenyl [9-(3 -O-t-Butyldimethylsilyl-2, 5 ,6-trideoxy- p-D-ribohexofuranosyl)-N. sup . 6 
-benzoyladeninej-e'-phosphonate (18): 

This compound is prepared from diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 3 5 ? 6-trideoxy-P-D-ribo-hex-5-enofuranos yl)-N 6 
5 -benzoyladenine] -6'-phosphonate by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2,5,6-trideoxy-p-D-ribohexofuranosyl)-N. sup. 2 
-isobutyrylguanosinej-e'-phosphonate. 

Diphenyl [l-(3-0-t-Butyldimethylsilyl-2 ;i 5 ? 6-trideoxy-P-D-ribo-hex-5-enofuranos 
yl)-thymine]-6'-phosphonate (19): 
1 0 This compound is prepared from S'-O-t-butyldimethylsilylthymidine by the same procedure 
used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5,6-trideoxy-P-D-ribo-hex-5-enofuranos yl)-N 2 
-isosbutyrylguanosinej-e'-phosphonate. 

Diphenyl [l-(3-0-t-Butyldimethylsilyl-2 5 5 5 6-trideoxy-P-D-ribohexofuranosyl) :( 

1 5 thymine] -6 f -phosphonate (20) : 

This compound is prepared from diphenyl 
[1 - (3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-P-D-ribo-hex-5-enofuranos 
yl)-thymine]-6'-phosphonate by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N. sup. 2 

20 -isobutyrylguanosine] -6'-phosphonate. 

Diphenyl [l-(3-0-Benzyl-2 ? 5 ? 6-trideoxy-p-D-ribo-hex-5-enofuranosyl)-N 3 
-benzylthymine]-6 f -phosphonate (21): 

The title compound was prepared by modification of related known procedures. 13 - 19 To a 
stirred solution of 300 mg of 3 ! -0,N 3 -dibenzylthymidine (0.710 mmol) and 874 mg of. (4.24 
25 mmol, 5.97 equiv.) of dicyclohexylcarbodiimide (DCC) ? in 2.37 mL of DMSO was added 
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0.356 mL of a 1 .0M solution (0.356 mmol, 0.50 equiv.) of orthophosphoric acid (Aldrich) in 
DMSO. The reaction was stirred at room temperature. After 19 h, 0.237 mL of dry pyridine 
was added, followed by 412 mg (0.710 mmol, 1.0 equiv.) of diphenyl 
[(triphenylphosphoranylidene)methyl]phosphonate. The reaction was stirred for 3 1 h. The 
5 reaction mixture was partitioned between CH 2 Cl 2 and H 2 O, shaken and separated. The 
organic layer was washed with H 2 O and dried. The residue was purified by flash 
chromatography on a 25 mm column using one column volume of CH 2 Cl 2 , one column 
volume of 5% EtOAc in CH 2 Cl 2 , and then 10% EtOAc in CH 2 Cl 2 as eluents. This afforded 
334 mg (80.5% yield) of product. 

10 Diphenyl [ 1 -(3-0-Benzyl-2,5,6-trideoxy-p-D-ribohexofuranosyl)-N 3 
-benzylthyminej-e'-phosphonate (22): 

To a stirred solution of 334 mg (0.513 mmol) of diphenyl 
[l-(3-0-benzyl-2,5,6-trideoxy-|3-D-ribo-hex-5-enofuranosyl)-N 3 
-benzylthymine]-6 ! -phosphonate in 7.7 mL of dry Et 2 O was added 307 mg (1 .03 mmol, 2.01 

15 equiv.) of 2,4,6-1ri-isopropylbenzenesulphonyl hydrazide, 47 followed by 0.143 mL of dry 
TEA. The reaction was refluxed for 14 h. The mixture was partitioned between Et 2 O and sat. 
aq. NaHC0 3 , shaken, and separated. The organic layer was washed with H 2 O and dried. The 
residue was purified by flash chromatography on a 25 mm column using one column volume 
of CH 2 Cl 2 , one column volume of 5% EtOAc in CH 2 Cl 2 , and then 10% EtOAc in CH 2 Cl 2 

20 as eluents. This afforded 244 mg (72.8% yield) of product. 

Dimethyl [ 1 - (3-0-Benzyl-2,5,6-trideoxy-p-D-ribohexofuranosyl)-N 3 
-benzylthymine]-6 ! -phosphonate (23): 

Commercially available CsF (100 mg) was flame dried while under vacuum, and allowed to 
cool to room temperature. To the dried solid was added 3.00 mL of dry MeOH, followed by 
25 143 mg(0.219mmol)of diphenyl [l^S-O-benzyl^^^-trideoxy-p-D-ribohexofuranosyO-N 3 
-benzylthymine]-6 -phosphorate. The reaction was stirred for 20 h, and then concentrated. The 
residue was partitioned between CH 2 Cl 2 and H 2 O, shaken, and separated. The organics were 
washed with H 2 O and dried. The residue was purified on a 25 mm column using one column 
volume of CH 2 Cl 2 , one column volume of 2.5% MeOH in CH 2 Cl 2 , and then 5% MeOH in 
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CH 2 Cl 2 as eluents. This procedure afforded 85.9 mg (74.0% yield) of product. 



Dimethyl [^(lyS^-Trideoxy-P-D-ribohexofuranosy^-N 3 -benzylthymine]-6'-phosphonate(24): 
Known literature methods 48 were adapted to remove the benzyl protecting group from the 
3 ! -oxygen. Dimethyl [l-(3-0-benzyl-2 ? 5 5 6-trideoxy-P-D-ribohexofuranosyl)-N 3 
5 -benzylthymine]-6 r -phosphonate (3.0 mg, 0.00567 mmol) was added to a 4.4% solution of 
HC0 2 H in MeOH (prepared from 96% HC0 2 H) followed by a catalytic amount of 10% Pd 
on carbon. The reaction was stirred at room temperature for 19 h. The reaction was then 
filtered through Celite and concentrated. This procedure afforded 2.0 mg (80.6% yield) of 
product as a colorless solid. 

10 Dibenzyl [1 -(3-0-Benzyl-2,5,6-trideoxy-P-D-ribohexofuranosyl)-N 3 
-benzylthymine]-6 f -phosphonate (25): 

This procedure was based on a related procedure. 2 5 To a solution of 4 1 6 mg (0.638 mmol) of 
diphenyl [l-(3-0-benzyl-2,5,6-trideoxy-p-D-ribohexofuranosyl)-N 3 
-benzylthymine]-6 ! -phosphonate in 3 .0 mL of benzyl alcohol, was added 2.0 mL of a solution 

15 prepared by the addition of 200 mg of NaH to 16.7 mL of benzyl alcohol. After 1 h, the 
reaction mixture was diluted with 50 mL of Et 2 O. Excess gaseous C0 2 was bubbled into the 
mixture. A gel like mixture formed which was dissolved in EtOAc. This solution was 
concentrated onto silica gel. The silica gel was loaded onto a previously equilibrated 25 mm 
column and eluted with one column volume of CH 2 Cl 2? then one column volume of 10% 

20 EtOAc in CH 2 Cl 2 , and then 20% EtOAc in CH 2 Cl 2 as eluents. This afforded 127 mg (29.3% 
yield) of product. 

Diphenyl [9-(2 ? 5 ? 6-Trideoxy-p-D-ribohexofuranoxyl)-N 2 -isobutyrylguanine]-6'-phosphonate 
(26): 

This reaction is based on a similar procedure by Barton et al. 30 To 5.00 mmol of diphenyl 
25 [9-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N. sup. 2 
-isobutyrylguanine]-6'-phosphonate in 100 mL of dry THF is added 5.5 mL (5.5 mmol, 1.1 
equiv.) of a LOOM solution of tetrabutylammonium fluoride (TBAF) in THF. The reaction 
is stirred at room temperature for 1 h. Then 20 mL of MeOH is added. The reaction is stirred 
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for 5 min., and then concentrated. The residue is purified by flash chromatography. 



Diphenyl [l-(2,5 ? 6-Trideoxy-P-D-ribohexofuranosyl)-N 4 -benzoylcytosine]-6 f -phosphonate 

(27) : 

This compound is prepared from diphenyl 
5 [l-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N. sup. 4 
-benzoylcytosine]-6'-phosphonateby the same procedure used for the preparation of diphenyl 
[9-(2,5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6 ! -phosphonate. 

Diphenyl [9-(2,5 ? 6-Trideoxy-P-D-ribohexofuranosyl)-N 6 -benzoyladenine] -6 ? -phosphonate 

(28) : 

10 This compound is prepared from diphenyl 
[9-(3-0-t-butyldimethylsilyl-2,5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N. sup. 6 
-benzoyladenine]-6 f -phosphonate by the same procedure used for the preparation of diphenyl 
[9-(2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6 r -phosphonate. 

Diphenyl [l-(2 ? 5,6-Trideoxy-p-D-ribohexofiu"anosyl)-thymine]-6 , -phosphonate (29): 
15 This compound is prepared from diphenyl 
[l-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-P-D-ribohexofuranos 

by the same procedure used for the preparation of diphenyl 
[9-(2 ? 5 ? 6-trideoxy-P-D-ribohexofiaranosyl)-N 2 -isobutyrylguanine]-6 f -phosphonate. 

Dimethyl [9-(2 ? 5 > 6-Trideoxy-P-D-ribohexofuranosyl)-]S[ 2 -isobutyrylguanine]-6-phosphonate 
20 (30): 

This compound is prepared from diphenyl [9-(2,5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 
-isobulyiylguanineJ-G'-phosphonate and CsF in MeOH by the same procedure used for the 
preparation of dimethyl [ 1 -(3 -O-benzyl-2,5 ,6-trideoxy-p-D-ribo-hexofuranosyl)-N 3 
-benzylthymine]-6 ? -phosphonate. After the aqueous extraction and drying, the crude product 
25 is purified by flash chromatography. 
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Dimethyl [ 1 -(2, 5 ,6-Trideoxy-p-D-ribohexofuranosyl)-N 4 -benzoylcytosine] -6-phosphonate 

(31) : 

This compound is prepared from diphenyl [l-(2,5,6-trideoxy-P-D-ribohexofuranosyl)-N 4 
-benzoylcytosine]-6'-phosphonateby the same procedure used for the preparation of dimethyl 
5 [9-(2 > 5 ? 64rideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6 ! ^phosphonate. 

Dimethyl [9-(2,5 ? 6-Trideoxy-P-D-ribohexofuranosyl)-N 6 -benzoyladenine]-6-phosphonate 

(32) : 

This compound is prepared from diphenyl [9-(2,5,6-trideoxy-P-D-ribohexofuranosyl)-N 6 
-benzoyladenine]-6-phosphonate by the same procedure used for the preparation of dimethyl 
1 0 [9-(2 ? 5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6 f -phosphonate. 

Dimethyl [l-(2 ? 5,6-Trideoxy-p-D-ribohexofuranosyl)-thymine]-6 T -phosphonate (33): 
This compound is prepared from diphenyl 
[l-(2,5,6-lrideoxy-p-D-ribohexofuranosyl)-thymine]-6 , -phosphonate by the same procedure 
usedferftiepi^aiaticnof dimefhyl [9^2£64rideoxy^D^ -isobutyrylguanine]^^ho^homte. 

1 5 [9-(2 ? 5 5 6-Trideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6'-phosphonic acid (34) : 
This reaction is based on a similar procedure by Barton et al. 30 To a stirred, ice-cooled 
mixture of dimethyl [9-(2,5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 
-isobu1yrylguanine]-6 ! -phosphonate in 150 mL of CH 2 Cl 2 is added 1 .98 mL (15.0 mmol ? 3.0 
equiv.) of bromotrimethylsilane dropwise, over several minutes. The reaction is stirred for 30 

20 min., and then the ice bath is removed. After stirring for an additional 10 h, 20 mL of MeOH 
is added. The reaction is stirred for 5 min., and then concentrated. The product is used without 
further purification. 

[l-(2,5 ? 6-Trideoxy-p-D-ribohexofiiranosyl)-N4 -benzoyl cytosine]-6 ! -phosphonic acid (35): 
This compound is prepared from dimethyl [l-(2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-N 4 
25 -benzoylcytosine]-6 T -phosphonate by the same procedure used for the preparation of 
[9-(2 ? 5,6-trideoxy-p-D-ribohexofiiranosyl)-N 2 -isobutyiylguanine]-6 ! -phosphonic acid. 
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[9-(2 3 5,6-Trideoxy-P-D-ribohexofuranosyl)-N 6 -benzoyladenine]-6-phosphonic acid (36):This 
compound is prepared from dimethyl [9-(2 ? 5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N 6 
-benzoyladenine]-6 f -phosphonate by the same procedure used for the preparation of 
[9-(2,5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6'-phosphonic acid. 

5 [l-(2 ? 5 5 6-Trideoxy-p-D-ribohexoftu*anosyl)4hymine]-6 ! -phosphonic acid (37): 

This compound was prepared from dimethyl 
[l-(2 ? 5 ? 6-trideoxy-P-D-ribohexofuranosyl)-thymine]-6 ! -phosphonate by the same procedure 
used for the preparation of [9-(2,5,6-trideoxy-P-D-ribohexofuranosyl)-N 2 
-isobutyrylguanine]-6 f -phosphonic acid. 

10 [9-(2 ? 5 J 6-Trideoxy-P-D-ribohexofuranosyl)-guanine]-6 ! -phosphonic acid (38): 

The entire crude [9-(2,5 ,6-trideoxy-P-D-ribohexofuranosyl)-N 2 
-isobutyrylguanine]-6 ! -phosphonic acid, from above, is heated in 150 mL of concentrated 
aqueous ammonia at 55° C. for 18 h, and then concentrated. 

[l-(2 ? 5,6-Trideoxy-P-D-ribohexofuranosyl)-cytosine]-6'-phosphonic acid (39): 
15 This compound is prepared from [l-(2 3 5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N 4 
-benzoylcytosine]-6 I -phosphonic acid by the same procedure used for the preparation of 
[9-(2,5 ? 6-1rideoxy-P-D-ribohexofuranosyl)-guanine]-6 ! -phosphonic acid. 

[9-(2,5,6-Trideoxy-p-D-ribohexofuranosyl)-adenine]-6 f -phosphonic acid (40): 
This compound is prepared from [9-(2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 6 
20 -benzoyladenine]-6 ! -phosphonic acid by the same procedure used for the preparation of 
[9-(2,5 ,6-Mdeoxy-p-D-ribohexofuranosyl)-guanine]-6 f -phosphonic acid. 

Diphenyl [9-(3-0-[4 ? 4 f -Dimethoxytrityl]-2 ? 5 : ,6-trideoxy-p-D-ribohexofuranosyl)- N 2 
-isobutyrylguanine]-6 ! -phosphonate (41): 

To 5.00 mmol of diphenyl [9-(2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-N 2 
25 -isobutyrylguamnej-e'-phosphonate (that is first concentrated from dry pyridine) in 30 mL of 
dry pyridine, is added 2.03 g (6.0 mmol ? 1.20 equiv.) of 4,4-dimethoxytrityl chloride. The 
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reaction is stirred for 15 h, and then concentrated. The residue is partitioned between CH 2 Cl 2 
and 0.5% aq. NaHC0 3? shaken, and separated. The organic layer is washed with 0.5% aq. 
NaHC0 3 and dried. The crude product is purified by flash chromatography. 

Diphenyl [l-(3-0-[4 3 4 , -Dimethox)^trityl]-2,5 5 6-trideoxy-p-D-ribohexofuranosyl)- N 4 
5 -benzoylcytosine]-6'-phosphonate (42): 

This compound is prepared from diphenyl [l-(2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-N 4 
-benzoylcytosine]-6 f -phosphonate by the same procedure used for the preparation of diphenyl 
[9-(3-0-[4,4 , -dimethoxytrityl]-2,5,6-trideoxy-p-D-ribohexofuranosyl)- N 2 
-isobutyrylguanine] -6 ! -phosphonate. 

10 Diphenyl [9-(3-0-[4,4 , -Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)- N 6 
-benzoyladenine]-6 f -phosphonate (43): 

This compound is prepared from diphenyl [9-(2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-N 6 
-benzoyladenine]-6 ! -phosphonate by the same procedure used for the preparation of diphenyl 
[9_(3-0-[4,4 , -dimethoxytrityl]-2 ? 5 3 6-trideoxy-P-D-ribohexofuranosyl)- N 2 
1 5 -isobutyrylguanine] -6 r -phosphonate. 

Diphenyl [l-(3-0-[4,4 , -Dimethoxytrityl]-2,5,6-trideoxy-P-D-ribohexofuranosyl)- 
thymine]-6 ! -phosphonate (44): 

This compound is prepared from diphenyl 
[l-(2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)4hymine]-6 f -phosphonate by the same procedure 
20 used for the preparation of diphenyl 
[9-(3-0-[4 3 4 f -dimethoxytrityl]-2 ? 5,6-trideoxy-P-D-ribohexofuranosyl-N 2 
-isobutyrylguanine]-6 ? -phosphonate. 

Monophenyl [9-(3-0-[4,4 f -Dimethoxytrityl]^^ N 2 
-isobutyrylguanine]-6 ! -phosphonate triethylammonium salt (45): 
25 A mixture of 3.00 mmol of diphenyl 
[9-(3-0-[4 ? 4 r -dimethoxytrityl]-2 5 5,6-trideoxy-P-D-ribohexofuranosyl)- N 2 
-isobutyrylguanine] -6-phosphonate is stirred in 100 mL of concentrated aqueous ammonia 
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at room temperature. The reaction is monitored by TLC. After ca. 1 h ? the mixture is 
concentrated. The product is purified by flash chromatography. 



Monophenyl [l-(3-0-[4 ? 4'-Dimethoxytri^ N 4 
-benzoylcytosine]-6'-phosphonate triethylammonium salt (46): 
5 This compound is prepared from diphenyl 
[l-(3-0-[4 ? 4 , -dimethoxytrityl]-2 5 5,6-trideoxy-p-D-ribohexofuranosyl)- N 4 
-benzoylcytosine]-6 r -phosphonate by the same procedure used for the preparation of 
monophenyl [9-(3-0-[4 ? 4-dimethoxytrityl]-2 ? 5,6-trideoxy-p-D-ribohexofliranosyl)- N 2 
-isobutyrylguanine]-6'-phosphonate triethylammonium salt. 

10 Monophenyl [9-(3-0-[4,4'-Dimethoxytri^ N 6 
-benzoyladenine]-6 f -phosphonate triethylammonium salt (47): 

This compound is prepared from diphenyl 
[9-(3-0-[4 5 4'-dimethoxytrityl]-2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)- N 6 
-benzoyladenine]-6 ! -phosphonate by the same procedure used for the preparation of 
1 5 monophenyl [9-(3-0-[4 5 4 t -dimethoxytri1yl]-2 3 5 ? 64rideoxy-p-D-ribohexofuranosyl)- N 2 
-isobutyrylguamnej-e'-phosphonate triethylammonium salt. 

Monophenyl [l-(3-0-[4 ? 4'-Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)- 
thymine]-6 -phosphonate triethylammonium salt (48): 

This compound is prepared from diphenyl 
20 [l-(3-0-[4 ? 4 , -dimethoxytrityl]-2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)- 
thyminej-e'-phosphonate by the same procedure used for the preparation of monophenyl 
[9-(3-0-[4,4'-dimethoxytrityl]-2,5,6-trideoxy-p-D-ribohexofuranosyl)- N 2 
-isobutyrylguanine]-6 f -phosphonate triethylammonium salt. 

9-(2-Deoxy-2-fluoro-p-D-arabinoftiranosyl)-N 2 -isobutyrylguanine (49): 
25 This compound is prepared from 9-(2-deoxy-2-fluoro-p-D-arabinofuranosyl)-guanine 49 by the 
same procedure used for the preparation of N 2 -isobutyryl-2-deoxyguanosine. 
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9-[2-Deoxy-5-0-(4,4'-dimethoxytr^ 2 -isobutyrylguanine 

(50): 

This compound is prepared from 9-(2-deoxy-2-fluoro-p-D-arabinofuranosyl)-N 2 
-isobutyrylguanine by the same procedure used for the preparation of N 2 
5 -isobutyryl-5 , -0-(4 ? 4 t -dimethoxytrityl)-2 , -deoxyguanosine. 

l-(2-Deoxy-2-fluoro-p-D-arabinofuranosyl)-N 4 -benzoylcytosine (51): 

This compound is prepared from 1 -(2-deoxy-2-fluoro-p-D-arabinofuranosyl)cytosine 50 by the 

same procedure used for the preparation of N 4 -benzoyl-2 ! -deoxycytidine. 

l-[2-Deoxy-5-0-(4,4-dimethoxytrityl^^ 
10 (52): 

This compound is prepared from l-(2-deoxy-2-fluoro-P-D-arabinofuranosyl)-N 4 
-benzoylcytosine by the same procedure used for the preparation of N 4 
-benzoyl-5 t -0-(4 ? 4 , -dimethoxytrityl)-2 ? -deoxycytidine. 

9-(2-Deoxy-2-fluoro-p-D-arabinofuranosyl)-N 6 -benzoyladenine (53): 
1 5 This compound is prepared from 9-(2-deoxy-2-fluoro-p-D-arabinoftiranosyl)adenine 49 by the 
same procedure used for the preparation of N 6 -benzoyl-2 f -deoxyadenosine. 

9-[2-Deoxy-5-0-(4 ? 4 , -dimethoxytrityl)-2-fluoro-p-D-arabinofuranosyl]-N 6 -benzoyladenine 
(54): 

This compound is prepared from 9-(2-deoxy-2-fluoro-p-D-arabinofuranosyl)-N 6 
20 -benzoyladenine by the same procedure used for the preparation of N 6 
-benzoyl-5 f -0-(4 ? 4 ! -dimethoxytrityl)-2 r -deoxyadenosine. 

l-[2-Deoxy-5-0-(4,4'-dimethoxytrit^ (55): 
This compound is prepared from l-(2-deoxy-2-fluoro-P-D-arabinofuranosyl) -thymine 51 by the 
same procedure used for the preparation of 5 f -0-(4,4 -dimethoxytrityl)-thymidine. 
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9-( 3 -0-t-Butyldimethylsilyl-2-deoxy-2-flu^ up.2 
-isobutyrylguanine (56): 

This compound is prepared from 
9-[2-deoxy-5-0-(4,4 f -dimethoxy^ N 2 -isobutyrylguanine 

5 by the same procedure used for the preparation of S'-^t-butyldimethylsilyl-N 2 -isobutyryl-2 f Hleoxyguanosine. 

l-(3-04-Butyldimethylsilyl-2-deoxy^ 

This compound is prepared from 
1 -[2-deoxy-5-0-(4 ? 4 ! -chmethoxytri^ -benzoylcytosine 
by the samepaxx^edureiisedforlhepi^arati 

10 9-( 3 -04-Butyldimethylsilyl-2-deoxy-2-fluoro-p-D-arabinofiiran^ 

This compound is prepared from 

9-[2-deoxy-5-0-(4,4'-dimethoxytrityl)^ 

bythesamepiocedireusedfortheprep^ 

l-(3-04-Butyldimethylsilyl-2-deoxy-2-flu^ mine (59): 

15 This compound is prepared from 
1 -[2-deoxy-5-0-(4 ? 4 f -dimethoxytri^ thymine by the same 

procedure used for the preparation of 3 r -0-t-butyldimethylsilylthymidine. 

Diphenyl [9-(3-0-t-Butyldimethylsilyl-2,5 ? 6-trideoxy-2-fluoro-p-D-arabino-hex- 
S-enofuranosy^-N 2 -isosbutyrylguanine]-6 ! -phosphonate (60): 
20 This compound is prepared from 
9-(3-0-t-butyldimethylsilyl-2-deoxy-2-fluoro-p-D-arabinofuranosyl)-N. sup. 2 
-isobutyrylguanine by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2,5 ? 6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 2 
-isosbutyrylguanosine]-6 f -phosphonate. 

25 Diphenyl [9-(3-0-t-Butyldimethy^ 

-isobutyrylguaninej-e'-phosphonate (61): 
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This compound is prepared from diphenyl 
[9-(3-04-butyldimethylsilyl-2,5 ? 6-trideoxy-2-fluoro-P-D-arabino-hex- 5-enofiiranosyl)-N 2 
-isobutyrylguanine]-6 T -phosphonate by the same procedure used for the preparation of 
diphenyl [9-(3-0-t-butyldimethylsi^ sup.2 
5 -isobutyrylguanine]-6 , -phosphonate. 

Diphenyl [l-(3-0-t-Butyldimethylsilyl-2 ? 5,6-trideoxy-2-fluoro-p-D-arabino-hex- 
5-enofuranosyl)-N 4 -benzoylcytosine]-6'-phosphonate (62): 

This compound is prepared from 
10 l-(3-0-t-butyldimethylsilyl-2-deoxy-2-fluoro-p-D-arabinofuranosyl)-N. sup. 4 
-benzoylcytosine by the same procedure used for the preparation of diphenyl 
[l-(3-0-t-butyldimethylsilyl-2 ? 5 ? 6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 4 
-benzoylcytosine]-6 r -phosphonate. 

Diphenyl [1^3-04-Butyldimethyls^ 

15 -benzoylcytosine]-6 ! -phosphonate (63): 

This compound is prepared from diphenyl 
[ 1 -(3-0-t-butyldimethylsilyl-2 5 5 ? 6-trideoxy-2-fluoro-p-D-arabino-hex- 5-enofuranosyl)-N 4 
-benzoylcytosine]-6 f -phosphonate by the same procedure used for the preparation of 
diphenyl[l-(3-0+butyldimethylsity^ 

20 osine]-6 f -phosphonate. 

Diphenyl [9-(3-0-t-Butyldimethylsilyl-2,5 ? 6-trideoxy-2-fluoro-P-D-arabino-hex- 
5-enofuranosyl)-N 6 -benzoyladenine]-6 r -phosphonate (64): 

This compound is prepared from 
9-(3-0-t-butyldimethylsilyl-2-deoxy-2-fluoro-P-D-arabinofuranosyl)-N. sup. 6 
25 -benzoyladenine by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5,6-trideoxy-p-D-ribo-hex-5-enofuranos yl)-N 6 
-benzoyladenine]-6'-phosphonate. 
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Diphenyl[9-(3-04-Butyldimethylsilyl-2 ? 5,6-trideoxy-2-^ 
-benzoyladenine]-6'-phosphonate (65): 

This compound is prepared from diphenyl 
[9-(3-0-t-butyldimethylsi^ 5-enofuranosyl)-N 6 
5 -benzoyladenine]-6'-phosphonate by the same procedure used for the preparation of diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-N. sup. 6 
-benzoyladenine]-6 ? -phosphonate. 

Diphenyl [l-(3-0-t-Butyldimethylsilyl-2 ? 5 5 6-trideoxy-2-fiuoro-p-D-arabino-hex- 
5-enofuranosyl)-thymine]-6 ? -phosphonate (66): 
10 This compound is prepared from 

1- (3-0-t-butyldimethylsilyl-2-deoxy-2-fluoro-p-D-arabinofuranosyl)-A ymine by the same 
procedure used for the preparation of diphenyl 

[l-(3-0-t-butyldimethylsilyl-2 ? 5 > 6-trideoxy-p-D-ribo-hex-5-enofuranos 
yl)-thymine]-6'-phosphonate. 

15 Diphenyl [l-(3-0-t-Butyldimethylsilyl-2 ? 5 ? 6-trideoxy- 

2- fluoro-p-D-arabinohexofuranosyl)4hymine]-6 f -phosphonate (67):This compound is 
prepared from diphenyl 
[l-(3-0-t-butyldimethylsilyl-2,5 5 6-trideoxy-2-fluoro-p-D-arabino-hex- 
5-enofuranosyl)-thymine]-6 ! -phosphonate by the same procedure used for the preparation of 

20 diphenyl [H3-04-butyldime^ 

Diphenyl [9-(2,5,6-Trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N 2 
-isobutyrylguanine]-6 ! -phosphonate (68): 

This compound is prepared from diphenyl 
[9-(3-0-t-butyldimethylsilyl-2 ? 5,6-trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N 2 
25 -isobutyrylguanine]-6 ! -phosphonate by the same procedure used for the preparation of 
diphenyl [9-(2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6 , -phosphonate. 
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Diphenyl [l-(2,5,6-Trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N 4 
-benzoylcytosine]-6-phosphonate (69): 

This compound is prepared from diphenyl 
[l-(3-0-t-butyldimethylsilyl-2 ? 5,6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 4 
5 -benzoylcytosine] -6 ? -phosphonate by the same procedure used for the preparation of diphenyl 
[1 -(2 5 5 3 6-trideoxy-P-D-ribohexoftiranosyl)-N 4 -benzoylcytosine] -6'-phosphonate. 

Diphenyl [9-(2,5,6-Trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 6 
-benzoyladenine]-6'-phosphonate (70): 

This compound is prepared from diphenyl 
10 [9-(3-0-t-butyldimethylsilyl-2,5 ? 6-trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N 6 
-benzoyladenine]-6'-phosphonate by the same procedure used for the preparation of diphenyl 
[9-(2,5 , 6-trideoxy-p-D-ribohexofuranosyl)-N 6 -benzoyladenine]-6'-phosphonate. 

Diphenyl [ 1 -(2 ? 5 ? 6-Trideoxy-2-fluoro-P-D-arabinohexoftiranosyl)-thymine] -6'-phosphonate 
(71): 

15 This compound is prepared from diphenyl 
[H3-04-butyldimethylsilyl^ 

6 f -phosphonate by the same procedure used for the preparation of diphenyl 
[ 1 -(2 ? 5,6-trideoxy-p-D-ribohexofuranosyl)-thymine]-6 , -phosphonate. 

Dimethyl [9-(2,5 ? 6-Trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 2 
20 -isobutyrylguaiiine] -6'-phosphonate (72) : 

This compound is prepared from diphenyl 
[9-(2,5,6-trideoxy-2-fluoro-p-D-arabm^^ 

by the same procedure used for the preparation of dimethyl 
[9-(2,5,6-trideoxy-P-D-ribohexofitf^ 

25 Dimethyl [l-(2 ? 5,6-Trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 4 
-benzoylcytosinej-fr-phosphonate (73): 

This compound is prepared from diphenyl 
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[l-(2,5,6-trideoxy-2-fluoro-p-D^ 

by the same procedure used for the preparation of dimethyl 
[1 -(2 5 5 > 6-trideoxy-p-D-ribohexofuranosyl)-N 4 -benzoylcytosine]-6-phosphonate. 

Dimethyl [9-(2,5,6-Trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 6 
5 -benzoyladenine]-6'-phosphonate (74): 

This compound is prepared from diphenyl 

[9-(2,5 ? 6-trideoxy-2-fluoro-p-D-arabinohexotoanosyl)-N 6 -benzoyladenine]- 

by the same procedure used for the preparation of dimethyl 

[9-(2,5 ? 6-1rideoxy-P-D-ribohexofitf^ 

10 Dimethyl [l-(2,5 ? 6-Trideoxy-2-fluoro-p-D-arabin^ 
(75): 

This compound is prepared from diphenyl 
[l-(2 ? 5 ? 6-trideoxy-2-fluoro-P-D-arabinohexofin-anosyl)-thymine] same 
procedure used for the preparation of dimethyl 
1 5 [1 -(2 ? 5 ? 6-trideoxy-P-D-ribohexofturanosyl)-thymine]-6 t -phosphonate. 



[9-(2 ? 5 ? 6-Trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 2 -isobutyrylguanine], 
6 ! -phosphonic acid (76): 

This compound is prepared from dimethyl 
[9-(2,5,6-trideoxy-2-fluoro-p-D-arata 
20 by the same procedure used for the preparation of 
[9-(2,5 ? 6-trideoxy-P-D-ribohexofuranosyl)-N 2 -isobutyrylguanine]-6-phosphonic acid. 

[l-(2,5,6-Trideoxy-2-fluoro-15 -D-arabinohexofuranosyl)-N 4 ^enzoylcytosinej-ff-phosphonic 
acid (77): 

This compound is prepared from dimethyl 
25 [1 K2,5 ? 6-trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N 4 -benzoylcytosine]-6'-phosphonate 
by the same procedure used for the preparation of 
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[1 -(2 ? 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-N 4 -benzoylcytosine]-6 f -phosphonic acid. 



[9-(2,5,6-Trideoxy-2-fluoro-p-D-^ 
acid (78): 

This compound is prepared from dimethyl 
5 [9-(2,5 ? 6-trideoxy-2-fluoro-p-D-arab 

by the same procedure used for the preparation of 
[9-(2 ? 5,6-Mdeoxy-p-D-ribohexofuranosyl)-N 6 -benzoyladenine]-6 , -pho 

[l-(2 ? 5,6-Trideoxy-2-fluoro-p-D-arabm^ acid (79): 

This compound is prepared from dimethyl 
1 0 [1 -(2,5,6-trideoxy-2-fluoro-p-D-arab^ by the same 

procedure used for the preparation of 
[1 -(2,5 ? 6-trideoxy-p-D-ribohexofeanosyl)4hymine]-6 , -phosphonic acid. 

[9-(2,5,6-Trideoxy-2-fluoro-p-D-arabm^^ acid (80): 

This compound is prepared from [9<2 ? 5,6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 2 
15 -isobutyrylguamne]-6 ! -phosphonic acid by the same procedure used for the preparation of 
[9-(2 ? 5,6-trideoxy-P-D-ribohexofuranosyl)-guanine]-6 ! -phosphomc acid. 

[1 -(2,5,6-Trideoxy-2-fluoro-p-D-arabinote acid (81): 

This compound is prepared from [l-(2 ? 5 ? 6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 4 
^enzoylcytosine^'-phosphonic acid by the same procedure used for the preparation of 
20 [l-(2 ? 5 ? 6-trideoxy-p-D-ribohexofiuranosyl)-cytosine]-6 f -phosphomc acid. 

[9-(2 ? 5 ? 6-Trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-adenine]-6'-phosphonic acid (82): 
This compound is prepared from [9-(2,5 ? 6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 6 
-benzoyladenme]-6'-phosphonic acid by the same procedure used for the preparation of 
[9-(2 3 5 ? 6-trideoxy-p-D-ribohexofuranosyl)-adenine]-6 , -phosphonic acid. 



GLIS-0064 -32- PATENT 

Diphenyl [9-(3-0-[4 > 4 t -Dimethoxytrityl]-2 ? 5 5 6-trideoxy-2-fluoro- 
p-D-arabinohexofuranosy^-N 2 -isobutyrylguanine]-6 f -phosphonate (83): 
This compound is prepared from diphenyl 
[9-(2,5,6-trideoxy-2-fluoro-p-D-ar^^ 
5 by the same procedure used for the preparation of diphenyl 

Diphenyl [l-(3-0-[4,4 , -Dimethoxytrityl]-2 3 5,6-trideoxy-2-fluoro-p 
-D-arabinohexofliranosyl)-N 4 -benzoylcytosine]-6 , -phosphonate (84): 
This compound is prepared from diphenyl 
10 [1 -(2,5 ) 6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 4 -benzoylcytosine]-6 ! -phosphonate 
by the same procedure used for the preparation of diphenyl 
[l-(3-0-[4 ? 4 , -dimethoxytrityl]-2 ? 5 ? 6-trideoxy-P-D-ribohexofuranosyl)- N 4 
-benzoylcytosine]-6-phosphonate. 

Diphenyl [9-(3-0-[4,4'-Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-2-fluoro-p- 
15 D-arabinohexofuranosyl)-N 6 -benzoyladenine]-6 f -phosphonate (85):This compound is 
prepared from diphenyl [9-(2,5 ? 6-trideoxy-2-fluoro-p-D-arabinohexofuranosyl)-N 6 
-benzoylademne]-6-phosphonate by the same procedure used for the preparation of diphenyl 
[9^3-0-[4,4'Kiime^^ 

Diphenyl [1 -(3-0-[4,4'-Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-2-fluoro-p 
20 -D-arabinohexofuranosyl)-thymine]-6'-phosphonate (86): 

This compound is prepared from diphenyl 
[1 -(2,5,6-trideoxy-2-fluoro-p-D-arabm^ by the same 

procedure used for the preparation of diphenyl 
[l-(3-044,4'-dimethoxytri^ 

25 Monophenyl [9-(3-0-[4 ? 4 r -Dimethoxytrityl]-2,5 ? 6-trideoxy-2-fluoro-p 
-D-arabinohexofuranosyO-N 2 -isobutyrylguanine]-6 f -phosphonate triethylammonium salt (87) : 
This compound is prepared from diphenyl 
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[9-(3-044,4 ? -dimethoxy 

-isobutyrylguanine]-6 r -phosphonate by the same procedure used for the preparation of 
monophenyl [9-(3-0-[4,4 ! -dimethoxytrity^ N 2 
-isobutyrylguanine]-6 ? -phosphonate triethylammonium salt. 

5 Monophenyl [l-(3-0-[4 ? 4 f -Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-2-fluoro-P 
-D-arabinohexofuranosyl)-N 4 -benzoylcytosine]-6 f -phosphonatetriethylainmonium salt (88): 
This compound is prepared from diphenyl 
[l-(3-044,4'-dimethoxytrityl]-2^ 

-benzoylcytosine]-6 ! -phosphonate by the same procedure used for the preparation of 
1 0 monophenyl [l-(3-0-[4,4'-dimethoxytri^ N 4 
-benzoylcytosinej^-phosphonate triethylammonium salt. 

Monophenyl [9-(3-0-[4 ? 4 , -Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-2-fluoro-P 
-D-arabinohexoftiranosyl)-N 6 -benzoylademnel-fr-phosphonate triethylammonium salt (89): 
This compound is prepared from diphenyl 
15 [9-(3-0-[4,4'-dimethoxytrity^ 

-benzoyladenine]-6'-phosphonate by the same procedure used for the preparation of 
monophenyl [9-(3-0-[4,4'-dimethoxyt^ N 6 
-benzoyladenine]-6'-phosphonate triethylammonium salt. 

Monophenyl [l-(3-0-[4 ? 4 f -Dimethoxytrityl]-2 ? 5 ? 6-trideoxy-2-fluoro-p 
20 -D-arabinohexofuranosyl)-thymine]-6'-phosphonate triethylammonium salt (90) : 

This compound is prepared from diphenyl 
[H3-0-[4,4 f -dimethoxytri^ 

e]-6-phosphonate by the same procedure used for the preparation of monophenyl 

[l-(3-0-[4 ? 4 , -dimethoxytrityl]-2,5 > 6-trideoxy-P-D-ribohexofuranosyl)- 
25 thymine] -6 -phosphonate triethylammonium salt. 
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Synthesis of Oligonucleotides 

Oligonucleotides are synthesized from the 5 '-end to the 3 ! -end. The phosphotriester method 
of oligonucleotide synthesis described by Sproat and Gait is used. 38 Appropriately protected 
3 f -0-(4 ? 4 f -dimethoxytrityl)-nucleosides having a free 5'-hydroxyl group are required for the 
5 solid phase synthesis. 52 These nucleosides are affixed to a long chain alkylamine controlled 
pore glass (LCAA/CPG) via a succinate linker using standard methods. 38 The 3'-0-DMT 
group on the support bound nucleoside is cleaved with 3% (v/v) dichloroacetic acid in 
1,2-dichloroethane (DCE). After washing with DCE, and then pyridine, coupling of the 
appropriate monophenyl nucleoside-6 f -phosphonate as its triethylammonium salt is effected 

10 with the coupling agent l-mesitylenesulphonyl-3-nitro-l 5 2 3 4-triazole (MSNT) and 
1 -methylimidazole (NMI) in pyridine. This coupling is allowed to occur from 1 5-45 minutes. 
The support is then washed with pyridine. The oligo containing support is then treated with 
an Ac 2 OAutidine/DMAP is capping solution. The capping agent and its use is described by 
Atkinson and Smith. 53 After capping, the support is washed with first DCE, pyridine, and then 

15 DCE again. Then the cycle is repeated (i.e. 9 deprotection, coupling, capping). After the last 
coupling step, the fully protected oligonucleotide is cleaved from the support and fully 
deprotected using a mixture of pyridine-2-carbaldoxime and tetramethylguanidine in 
dioxane/water. 38 This deprotection is allowed to occur at 37° C. for 20 h. After drying in 
vacuo, the oligonucleotide is purified by either HPLC or polyacrylamide gel electrophoresis 

20 (PAGE). 
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What is claimed is: 

1 . A compound having the formula: 




OH 



wherein: 

5 Bis adenosine, N 6 -benzoyladenine, thymine, guanine, or NMsobutyrylguanine; 

and 

each R 2 is independently hydrogen, phenyl, alkyl (1-12C) or 
hydrogentriethylammonium ion. 

2. The compound of claim 1 wherein B is guanine. 

10 3. The compound of claim 2 wherein R 2 is hydrogen. 

4. The compound of claim 3 wherein B is guanine. 

5. The compound of claim 3 wherein B is NMsobutyrylguanine. 

6. The compound of claim 3 wherein B is adenine. 

7. The compound of claim 3 wherein B is N 6 -benzoyladenine. 
15 8. The compound of claim 3 wherein B is thymine. 

9. The compound having the general formula: 
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wherein B is ^-isobutvrvlguanine. R 1 and R 2 are both H. 

10. The compound having the general formula: 




wherein B is N 4 -benzovlcvtosine, R 1 and R 2 are both H. 

1 1 . The compound having the general formula: 




10 wherein B is N 6 -benzovladeneine. R 1 and R 2 are both H. 

12. The compound having the general formula: 




wherein B is NMs obutvrvltmatiine. R 1 is H and R 2 is 4.4'-dimethoxvlritv1. 
15 13. The compound having the general formula: 
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wherein B is N 4 -benzovlcvtosine. R 1 is H and R 2 is 4.4'-dimethoxvtritvl. 



14. The compound having the general formula: 




R— O 



wherein B is N 6 -benzovladenine. R 1 is H and R 2 is 4.4 , -dimethoxvtritvl. 



15. The compound having the general formula: 

O 



R 2 — O 




B 



R— O 

10 wherein B is thymine. R 1 is H and R 2 is 4.4'-dimethoxvtritv1. 



16. The compound having the general formula: 




R— O 

15 wherein B is ISP-isobutvrvlguanine. R 1 is t-butvldimethvlsilvl and R 2 is H. 



17. The compound having the general formula: 




R— O 



20 



wherein B is N 4 -benzovlcvtosine. R 1 is t-butvldimethvlsilvl and R 2 is H. 
18. The compound having the general formula: 
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wherein B is N 6 -benzovladenine. R 1 is t-butyldimethvlsilvl and R 2 is H. 

19. The compound having the general formula: 
5 ^ .O. 




wherein B is thymine. R 1 is t-butvldimetiivlsilvl and R 2 is H. 

20. A modified oligo nucleotide or derivative thereof comprising at least one 
nucleoside selected from the group consisting of a 2 t -deoxv-2 l -fluoro-ribonucleoside. an 

10 arabinonucleoside, a 2 , -deoxv-arab inonucleoside: and a2 t -deoxv-2 , -fluoro-arabinonucleoside. 

2 1 . The m odified oligonucleotide of claim 20 wherein said nucleoside is a 2- 
deoxv-arabinonucleoside. 

22. The modified oligon ucleotide of claim 20 wherein said nucleoside is a T- 
deoxv-2 t -methvlester-arabinonucleoside. 



23. The modifie d oligonucleotide of claim 20 wherein said nucleoside is a T- 
deoxv-2 f -fluoro-arabinonucleoside. 



24. The modified oligonuc leotide of claim 20 having a length of 2 to 30 

nucleotides. 
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25. The modified oligonucleotide of claim 24 wherein at least one 
internucleoside linkage is selected from the group consisting of phosphorothioate. 
phosphorodithioate, morphilodate. piperazidate. methvlphosphonate andphosnhoroamidate. 



26. The modified oligonucleotide of claim 20 wherein at least one 



5 internucleoside linkage is phosphorothioate, 



GLIS-0064 



PATENT 



Abstract 

Novel oligonucleotides analogs and nucleoside analogs as well as methods for their 
synthesis are described. The oligonucleotides are useful in diagnostic and therapeutic 
applications. The oligonucleotides are stable to nuclease degradation. 



NUCLEOSIDE ^METHYLENE the oligonucleotide for its intended target l0e A variety of 

PHOSPHONATES modified nonionic" oligonucleotides including 

methylphosphonatc, phosphoroainidate, and phosphotri- 

FIELD OF THE INVENTION esters generally are either composed of a mixture of 

This invention relates to novel methylene phosphonate 5 ^ crcomcrs ' * tow **** for intended targets, or 

nucleosides which exhibit antiviral and antitumor activity t>oQl ' 

and novel oligonucleotides derived from methylene phos- A deoxyoligonucieotide comprised from nucleotide 
phonate nucleoside monomers that have »nh* nrw< nuclease monomers that contain a methylene ( — CH 2 — ) group sub- 
stability. Tbe invention also relates to processes for prepar- sttaited for the 5*-oxygen may be resistant to nucleases, 
kg the novel compounds, their derivatives and oligomide- 10 especially those that leave a T-phosphafe moiety after 
otides containing one or more 5* methylene phosphonate cleavage of the internudeotidic bond. This results from the 
inteznucieotide linkages. The oligonucleotides are resistant fact that the requisite P— C bond can not be cleaved under 
to nuclease degradation and are useful for diagnostic and normal physiological conditions. Additionally, a single dias- 
therapeutic applications. tereomerically pure deoxyoligonucieotide could be 

13 prepared, as the internudeotide phosphorous linkages would 

BACKGROUND ART be achirai We refer to the nucleotides containing a meth- 

Antisense and triple helix oligonucleotides are synthetic ^^^ 2 ZlT^^ bSt ^ 5 ^ xygtm M 

oligonucleotides which land complementary nucleic adds -methylene pnospbonates. 

(Le. sense strand RNA or duplex DNA sequences) via ~ n» preparation of ribo (k 2'-OH) 5'-memyicne pbospbo- 

hydrogen bonding, thereby faMMiing expression of these ***** ** wcU tlccumented in the literature. 12 Uridine, 13 -" 

sequences. Therapeutic intaveiitton at the nwiefc acid level "denotine,* 3 - 15 and guanosine 16 ^-methylene phosphonates 

using oligonucleotides offers a number of advantages. Inhi- **** been prepared. A number of analogues of adenosine 
bition of gene expression is more efficient than inhibition of S'-metfayiene phosphonate have been prepared. 17 " 23 In 

the protein encoded by the gene since transcription of a M *<Wition, ribavirin ^-methylene phosphonate,^ as well as a 
single DNA sequence gives rise to multiple copies ofmRNA rio ° ^-methylene phosphonate containing thiazole-4- 

which* in turn, arc translated into many protein nH^il^t carboxamide as the base, has been prepared? 3 Ribo com- 

Oligonudeotides have been used to inhibit gene expres- P^ndshavmg a 3^metfayiene phosphonate have also been 

sion in a variety of systems. There are several reviews that prepared. 

discuss this topic *^ In addition, the use of oligonucleotides 30 Tncrc m vcr y few reports of Z-deoxy 5*-methyiene 

in sequence-specific recognition of double stranded DNA 3 * 6 phosphonates in the literature, and these are all related to 

as well as potential chemotherapeutk agents, 7 has been thymidine. Only the syntheses of ^-methylene phospho- 

reviewed. nates of thymidine* 29 T-azi&xhynrfdine (AZT), 30 ' 31 and 

Aniniportai»tfeatin«tffe T^^-i4Bax«>^^^ been reported. TTjere have 

the design of the backbone of the administered oligomer. 35 DCC1 110 repeats on the syntheses of y-metfaylene phospho- 

Specifically, the backbone should contain hfermideoside nates derived from 2'-deoxyactenosine, Z-deoxycytidine, or 

liiikagea that are stabte in vitro an^ 2 4 ; de^guaiio^ Th« also have been no reports on the 

that the oligomer is resistant to eadogemws nudeaaes, such *yfx*u of 5 methylene phosphonate nucleosides having 

« midfasrs that attack tfaf photphodfestrr «i*»gi»» At rtw» 5-iodouracfl, 2-aminoponne or 2,£dianiiacpurine as the 

same time, the oligomer must also retain Its ability Co 40 bMC - ^ Woaouridfoe 5* methylene phosphonate com- 

hybridize to the target DNA or RNA. In order to ensure these pound would ^ tnade in an aiialog<«s n^uier to that^ 

properties.. umber of ino^ to synAcsize the 5 methylene paoq*onatc derived from 

constructed which contain alternate internuckodde link- thyimduw as described for cotm^d^ 

ages. Several of these oligonucleotides are described in ?: lmi ^? C ^^dliminopur^ nucleoside 5* meth- 

Uhlmann, E and Peyman, A. Chemieai Reviews (1990) 45 * ia * phosphonates would be made in an analogous manner 

90:543-584. Among these are methylphosphonates ? ^ * 5 methylene phosphonate 

(wherein one of the pbo*phorou»4inked oxygen* ha* been ***** ^^ K ^ < ^ 0€ ^ M dc$cribcd for 

replaced by ii^yQ;phospborothioat^ (wherein sulphur 36 and 40 below. 

replaces one of these oxygens) and various amidates Several ribo 5 , -methykne phosphonate dirners have been 

(wherein NH, or an organic amine derivative, such as 50 synthesized. These include UpCH 2 U and UoCH^A. 33 * 34 

mccptahdates or pfcerazidates, repiace an oxygen). These Several ribo ^-methylene phosphoiiatedimcrs^as wellas 

substitutions confer enha need stability, for the most part, but * trimer 2 * have been synthesized. These ribo dirners and 

suffer from the drawback that they result in a chiral poos- triiik* were preMred using tte 

phorous in the linkage, thus leading to the formation of 2* otide synthesis. 3 * 3 * Tnis method suffers from low product 
diastexeomers where n is the number of modified dtester 55 yiekte, and difficulties in purification of the final pro- 
linkages in the oligomer. The presence of these multiple duct 35 * 3 * The method is generally not useful in the prepa- 
diastereomers considerably weakens the capability of the ration of longer oligonucleotides. Recently, a ribo oligo- 
mcdified oligonucleotide to hybridize to target sequences. nucleotide 10-mer consisting of 5 t -methyiene phosphonates, 
Some of these substitutions also retain the ability to support ApA(pCH 2 A) g , was prepared enzymaticaliy using poly- 
a negative charge and the presence of charged groups 60 nucleotide phospboryiase. 37 This technique, however, can- 
decreases the ability of the compounds to penetrate cell not be used for the preparation of oligonucleotides having a 
membrane*. There are numerous other disadvantages a*so~ defined sequence of mixed bases, 
dated with these modified linkages, depending on the pre- Only one Z-deoxy dimes; TfcCH 2 T, and one Z-deoxy 
cise nature of the linkage. Fhosphorodithioate modified trimer, TpCHaTfcCHjT, have been reported in the litera- 
backbones have been made.^ 10 These modified oligonude- 65 ture. 29 Only the 5*-methylene phosphonate derived from 
otides are nudca^ resists tijxi are dUastereor^ thymidine was used in thedimer and trimcr. No mixed base 
However, these modifications further reduce the affinity of Z-deoxy ^-methylene phosphonate comers or longer mixed 



base, 2 f -deoxy 5'-methylene phosphonate oligonucleotides 
hive been reported Additionally, no Z-deoxy 5 -methylene 
phosphonate oligonucleotides longer than a 3-mer of any 
kind have been reported. However, recently the synthesis of , 
oligodeoxynucleotides containing 5-mcthylene phospho- 5 
nates of 2*-deoxy-4'-carbocyclic nucleosides has bees 
reported W. Frick and S« W. &±neller, Meetings Abstract 
Conference oa Nucleic Acid Therapeutics, Jan. 13-17, 1991. 
Clearwater Beach. Fla.* p63). 10 

The present invention relates to the synthesis of r-deoxy- 
5-methylene phosphonate oligonucleotides of length 2-30 
of mixed base composition. These olfeodeoxynwieotides 
are prepared using the phosphotrkster method* from suit- l5 
ably protected 2*-deoxy ^-methylene phosphonate nucle- 
otide monomers. We prepared novel ^-methylene phospho- 
nates in both a protected form that was suitable for 
oligonucleotide synthesis, as well as in a completely depro- 
tectcd form. Some of the novel 5*-me<hylene phosphonates 20 
that were prepared were derived from Z-deoxyadenosine, 
Z-deoxycytidine, and r-deoxyguanosine. The monomers 
described herein are suitable for solid phase oligonucleotide 
synthesis by triester chemistry. Previous methods utilized 
diester chemistry which is more difficult and generates low 25 
yields of product Oligonucleotides remaining Z-deoxy-Z- 
fiuoro-ribc^wdeotides are of interest because the conforma- 
tion of the sugar closely resembles that of KKA and conse* 
quentty these oligonucleotides have a higher affinity to DNA 
than normal oligodeoxyrirx>nuclec<ides (M. Ikehara, Het- 
erocydes 1984, 21, 15% 
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DISCLOSURE OF THE INVENTION 

The present invention discloses oligonucleotides 
methods for their synthesis of formula (I): 
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and stereoisomers thereof, wherein each B is independently 
a purine or pyrimidine base or modified form each Z is 
independently a srtninterfering substituent, preferably 
hydrogen, P0 3 ~ or a protecting group; each R 1 is indepen- 
dently hydrogen, hydroxy!, fluorine or methyl ester; each Y 55 
is independently OR 3 , N(R*)j or SR 2 wherein, each R* is 
independently hydrogen or aikyi (1-12 Q; X is selected 
from oxygen and sulfur; n is an integer from 1 to 200. Bases 
such as adenine, guanine, cytotine* thymine and uracil as ^ 
well as modified forms (base analogs) such as 
5-methylcytosiae, aziridinylcytosine, 3-hydroxy-N*- 
methyladenine, pseuddsocytosinc and inosine are preferred. 
The oligonucleotides contain one or more S methylene 
phosphonate linkages. The oligonucleotides may be syathe- « 
sized from derivatives disclosed herein of monomers of 
formula (II): 



wherein B is a purine or pyrimidine base or modified form; 
each R 1 is independently hydrogen, hydroxyL fluorine or 
methyl ester, each Y is independently (Ml 2 , S(R\ or SR* 
wherein, each R 2 is independently hydrogen or alkyl (1-12 
Q; and X is selected from oxygen and sulfur- Bases such as 
guanine, adenine, cytokine, thymine, uracil, iodouraca, 
8-hydroxy-N*-methyladenine, aziridinylcytosine, 
2-aminopurine, 2, 6-diamuwpurijie or ottier 
altered forms may be utilized. Alternative monomer 
structures, such as ?3* epoxides and T 3 4 dideoxy didehydro 
sugars may also be synthesized. 

The free 5-methylene phosphonate nucleosides present 
enzymatically nonhydrolysabie isosteres of mononucle- 
otide*. As such they can be converted intraceliulariy by 
ceUular kinases to the corresponding nucleoside phosphono 
triphosphates, incorporated Into DNA by polymerases and 
thus interfere with cellular metabolism. Thus, such nucleo- 
side prwsphonates potentially exhibit antiviral and antitu- 
mour activity. For example, several acyclk methylene phos- 
phonates such as the methylene phosphonates derived from 
ganciclovir, and acyclovir are potent antivirals. 3 * 43 Other 
nucleoside phosphonates have been claimed in a patent 
application (Elmer Rcist et aL, Stanford Research Institute, 
PCT publication no. WO 84/04743). The novel ^-methylene 
compounds that are described herein thus have useful anti- 
viral or antitumour activities. 

The ou^uricotide and nucleoside 
possess antiviral activity and can be used in the control or 
prevention of viral infections, &g. of herpes simplex vital 
isrfectioos.The in vitro activity of thecoropounds of formula 

1 nnd their tutoraert la mhihiring hwp^ ^«*ylnT vinif typf 

2 (HSV-2) can be demonstrated by means of the following 
plaque reduction procedure. Boat VERO cells are infected 
with virus stock containing a known number of faft*jfcm 
virions in the presence of various concentrations of com- 
pound. Plaques in the cell monolayer are then counted and 
coiopared to untreated controls and to acydovir treated 
controls. The degree of inhibition at each concentration of 
compound is expressed as a percentage of the control titer 
( 100%). The IC*> value, namely the concentration of com- 
pound which inhibits viral activity by 50%, is then calcu- 
lated. The results that are obtained with rerxesentative 
compounds show that virus titer reductions occur. 

The compounds disclosed herein can be used as medica- 
ments in the form of pharmaceutical preparations which 
contain them in association with a conyafible pharmaceu- 
tical carrier material This can be an organic or inorganic 
carrier suitable for enteral, eg. oral, or parenteral adminis- 
tration, ffiamplrt of such carriers are water, gelatin, gum 
arafaie, lactose, starch, magnesium stearate, talc, vegetable 
oils, poly alkyiene glycols and petroleum jelly. The phanna- 
ceutk^rxeparacio<ucaabema& 
tablets, dragees, suppositories or capsules, or in a liquid 
form, e^. as solutions* suspensions or emulsions; tiiey may 
be subjected to standard pharmaceutical operations, e^. 
sterilization aad/or may contain adjuvants, c*g. preserving, 
ttahfliTing , wetting or emulsifying agents, salts for varying 
the osmotic pressure or buffers. The compounds may also be 
formulated In a manner suitable for administration as an 
aerosol. They may also contain other therapeutically valu- 
able substances. 



The compounds disclosed herein and thek tautoraers can 
be administered for the control or prevention of viral 
infection* such as herpes simplex viral infections, to warm- 
blooded animals in need of such treatment The disclosed - 
compounds and their tautomers can be administered to adult 
humans in * daily dosage of from about 1 to 1000 mg* 
preferably about 5 to 500 rag. The dairy dosage may be 
administered as a single dose or in divided doses. The above 
dosage range is given by way of example only and can be 
varied upwards or downwards depending on factors such as 
the particular compound being adnunistcred, the route of 
adnujiistratiott, the severity of the indication being treated 
and the condition of the patient 

Experimental Section 
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General. Flash chromatography refers to the procedure of 
Still et aL° Drying refers to drying over Na^SO* filtration, 
and concentration. Ail reactions requiring dry solvents were 20 
run under a dry argon atmosphere. 

Hie following six tables show structures for compounds 
1 through 90. 
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For dc&Mtioa of abfenvietioac, wm Tfcbk 1. 

N 2 -Isobutyiyl-r-<leaxyguaaosiiic (1) 

The acylation by transient protection method of R. A. 
Jones 44 was used. To a stirred mature of 4.28 g (15.0 mmol) 
of ^-deoxyguanosine monohydrate (that was first concen- 
trated from dry pyridine) m 150 n^c>f dry pyridine that was 
cooled oa an ioe water bath was added 9.75 mL (76.8 mmol, 
5.12 equiv) of chkrotrimemylsilarc dropwise, over several 
minutes. Ate 30 miiu VIA mL(76.9 mmoi 5.13 equiv.) of 
isobutyric anhydride was added dropwise, over several 
minutes* The ice bath was removed and stirring was con- 
tinued f or 2 II The reaction mixture was then cooled on an 
ice water bath, and 30 mL of cold H 2 0 was added to the 
reaction. After 15 min.. 30 mL of concentrated aqueous 
sinmonia was added Ibe reaction was stirred for 30 ™*» , 
tnd then concentrated. The residue was taken op in 100 mL 
of HjO and extracted with Et^O. The title compound was 



either crystallized from the aqueous layer, or was isolated by 
flash column chromatography. 

N 2 .Isobutyryl.5 t -0.(4,^-dimethoxytrityl)-2 l - 
deoxyguanosine (2) 

The tritylatiott procedure of Jones 45 was modified such 
that no DMAP was used. To 337 g (10.0 mmol) of 
N 3 -isobutyiyi-2'Hie<>xyguanosine (that was first concen- 
trated from dry pyridine) in 50 mL of dry pyridine, was 
added 4.06 g (12.0 mmol, 1.20 equiv.) of 4,4*- 
dimethoxytrityi chloride. The reaction was stirred for 15 h, 
tnd then concentrated. The residue was partitioned between 
CHjO, and 0.5% aq. NaHCOj, shaken, and separated. The 
organic layer was washed with 0.5% aq. NaHC0 3 and dried. 
The crude product was purified by flash chromatography. 
15 ^-Benzoyl-r-deoxycytidine (3) 

This compound was prepared from 2 , -deoxycytidine 
monohydrate by the same procedure used for the preparation 
of N 2 -isobutyryi-Z^krayguanosinc except that 9.0 mL 
(77*5 mmol, 5*17 equiv.) of benzoyl chloride was used 
20 instead of isobutyric anhydride. 
K l -Benzcyi-5'-OK4,4 < -dim^ 
W 

This compound was prepared from N^benzoyl^- 
deoxycytidine by the same procedure used for the prepara- 
tion of N 2 -isobutyryi-5 , .OH4,4 , .dimethoxytrityl)-2 t - 
deoxyguanosine. 

N 4 -Benzoyl-2rHleoxyadeaosine (5) 

This compound was prepared from Z^deoxyadenoaine 
monohydrate by the same procedure used for the preparation 
ofr^^M^l^^leoxycyfiditte. 
N*-Benzoyi-5^0K4^di^^ 
(<5) 

This compound was prepared from N 6 -benzoyl-2'- 
deoxyadenosine by the same procedure used for the prepa- 
ration of NMsol>utyryi-5 , -OK4^ 
deoxyguanosine. 

5M><4^Dimethoxytrittf^ (7) 

This cornpound was prepared from thyrnid^ 
procedure used for the preparation of N 2 4sobutyryM , -0- 
<4,4^dimethoxytrityl^^^ 
J-O^-Butyldiinethyls^ 
(8) 

To a stirred solution of 2.00 g (3.13 mmol) of 
45 NMsobutyryl-S'-O-^Wimethoxytrityl)^'- 
deoxyguanosine and LS4 g (22.6 mmoi 7.22 equiv.) of 
Imidazole in 123 mL of dry DMF was added L16 g (7.70 
mmol, 2A6 equiv.) of t4>utyidimethylsiiyi chloride. The 
reaction was stirred at room teznpetatnte for 33 hand Chen 
50 concentrated. The residue was 

Mad HA shaken, and separated. The organics were washed 
with HaQ and concentrated (not dried). The crude residue 
was then stirred in 100 mL of 80% aq. HOAc for L5 h and 
then concentrated. The residue was partitioned between 
55 and H^sfcan^ and separate 

washed with sat aq. NaHCO,, H 2 0, and dried. The crude 
product was purified by flash chromatography oa a 40 mm 
column using one column volume of 2% TEA in CHjCI* 
then one column volume of 2% TEA and 2% MeOH in 
60 CH 2 O^andthen2%TEAaiid4%Me0HbC^^The 
product was concentrated from toluene affording 1.18 e 
(83.7% yield). ^ * 

3'^-Butyidimemyls^ (9) 

This cornpound was prepared from N 4 -benzoylr5 , -<><4, 
6$ 4'~dimethc*ytri^ 

used for the preparation of T^M-butyWimcthYlsiryl-N 2 . 
isoc4ityryl-2 > Hieoxyguanosine. 



25 



30 



35 



40 



3^t-Butyldimcthylsnyl->^-bcQzoyi-2 f -dcoxyadcaosijQC purified by flash chromatography on a 15 mm column using 

( 10) one column volume of CH^O^ then one column volume of 

This compound was prepared from N^-beazoyl-S'-O-^ 123% EtOAc in CH^a^ then one column volume of 25% 

^-dimcthoxytrityl^'^xyadeooanc by the same proccr EtOAc in CH 2 d 2 , and then 50% EtOAc in CH 2 a 2 as 

dure used for the preparation of J^-butyldimetfaylsilyi. 5 ducats. This procedure afforded 2.0 mg (213% yield) of 

N 2 -isobutyryl-2*-deoxyguajiosine. product 

J^-BirtylaUn^yldiyioiynu-dine (11) Diphenyl (H3^-Butyidiine*yisi^^ 

This compound was prepared from 5'-0-(4,4'- ribo-hex.5-enofuranosyl).N 4 -ben2oyicytosine]-6 , - 

diinethoxytrityl)-tfayinidine by the same procedure used for phosphonate (15) 

the preparation of 3 r ^-bctyldiii^yl^l-N 2 -i5obutyiyI- 10 This compound is prepared from 3 1 -0-t- 

Z-deoxyguanosine, butyldimethyhayl-^-teiizoyl^^oxycytidinc by the 

3^,N 3 -I>fl>ciizylthyraidiae (12) same procedure used for the preparation of diphenyl [9-(3- 

To a stirred solution of 2.18 g of 5 , -0-(4 % 4 t - 0^-butyldimetfayls0yl-23,6^trideoxy-^ 

dimethcaytrityO-oiyn^ (4.00 mmol) in 52 mL of dry enofuranosyl>-N*4sosbt^^ 
DMF was carefully added ZOO g of a 60% oil dispersion of 15 Diphenyl (l^<U-Buryldime*yisayl-23,o^^ 

NaH. The reaction was stored at room temperature for 5 ribolraofuraiiosyl>.N^ 

miau To the mixture was added 4.77 mL (40.1 mmol 10.0 (16) 

equiv.) of benzyl bromide dropwisc, over several minutes. This compound is prepared from diphenyl [l-(3-CM- 

After 1 h. the reaction was cooled on an ice-water bath. butyldimethylsUyl-2 J,6-trideoxy-{^D-ribo-hex-5- 

Then, 12 mL of sat aq. NaHOO, was carefully added 20 enofuranofYl)-r^4>enzoy^ by die 

(vigorous hydrogen gas evolution) dropwise, over several same procedure used for die preparation of diphenyl [9-(3- 

minutes. The mixture was stiired for 10 min. and then O-t-butyldimethylsily 1-2,5, 6-trideoxy-(S-D- 

concentrated.Thc residue was then stirred in 100 mL of 80% ribohexofuranosyi)-N 3 -isobutyrylguanosine]-6'- 

aq. HOAc at room temperature for 1.5 h, and then conceit- phosphonate. 

trated. The crude residue was partitioned between CH 2 a 2 25 Diphenyl f9^<M-Butyidin^yisi^ 

and H 2 0, shaken, and separated The organic layer was ribo-hex-5-eQofuraaosyi)-N 6 -benzoyladenioe]-6*- 

washed with sat aq. NaHG0 3 , H 2 0, and then dried. The phosphonate (17) 

crude product was purified by flash chromatography on a 50 This compound is prepared from 3 1 -0-t- 

mm column using two column volumes of CH^, two butyidimethyhilyi-N 6 ^ by the 

column volumes of 1% MeOH in CHjQ^, and then 23% 30 same procedure used for the preparation of diphenyi [9-<3- 

MeOH in CH 2 C1 3 as euients. This afforded 1.49 g of product 0-t-butyldimethylsUyi-2^ f 6^trideoxy-^D-ribo-hex-5- 

(883% yield) as a coteries* solid. eaofuranosyl)-N 2 -isosbutyryigiiaTO 

Diphenyl [9-<3-0-t-ButyidiraetbyU^ Diphenyl [9^^-Butyidunethyis^ 

ribo-hex^-enofuranosyO-NMsosbutyiyiguattinel-tf- ribobexofura^syl)-N*-benzoy^ 

phosphonate (13) 35 (18) 

Literature methods 39 were adapted for the preparation of This compound is prepared from diphenyl [9-0-O-t- 

tne tide compound. To a solution of 106 mg of 3*-0-t- butyldimethylsilyl-2«5 f 6-trideoxy-^D-ribo-hex-5* 

butyldtmethylsilyl*^^^ (0236 esttfurano«yl)-N*4>eiizoy^^ by die 

mmol) and 294 mg of dkyclohexyk^rbodiimto DCC (1.42 same procedure used for the preparation of dipheayi [9-(3- 

mmoi, 6.02 eouiv.) in 13 mL of dry DMSO was added 113 40 0-t-batyldimethylsilyl-2,5,6-trideoxy-ft-D- 

mg of methylphosphonic acid (0.118 mmol* O50 equiv.). ribohexofuranosyl)-N 3 -isobutyrylguanosine]-6'- 

The reaction was stirred at room ten^erature. Ate phosphonate. 

pyridine (0.080 mL) and then 120 mg (0.236 mmol, 1.00 Diphenyl [1<3<M-Butyidimeuiyisiiy^ 

equiv.) of diphenyl [(triphenyiphosphoranyii^^ ribo4iex-5-esK>Aitaiieayl)^ynuae]^ (19) 

phosphonate 46 were added. Another 0.80 mL of dry DMSO 45 This compound is prepared from 3'-0-t* 

was added. The reaction was stirred at room temperature. butyklimethylsilyiuiyinjdine by die same procedure used for 

After 27 h, the reaction was diluted with CH^dj, washed the preparation of diphenyi [<K3^-b^dimethylsilyi*2, 

with 2xH a O, «id dried. The crude material was flashed on 5,6-trideoxy-f}-D-ribo-hex*5-enofuranosyl)-N 2 - 

a 25 mm column using one cc4umn volume cf(^ isc4butyryigpaiMdne]^-^^ 

one column volume of 3% MeOH in C&JZL* and then 6% 90 Dipheayi [1<KM-Butyidin^yi^ 

MeOH in CH 2 a 2 as elueats. The product containing firac- rflwhexofuranosyi), ftyiniiieH^phosphonate (20) 

uons were combined and concentrated. The product was This compound is prepared from diphenyl [l-(30-t- 

purified again purified by flash chromatography on a 25 mm butyldimethyisilyl-2,5,6-tridcoxy-p-D-ribo-hex-5- 

column using one column volume of 123% EtOAc in eiiofuraiiosyi>^ymin^^ by the same proce- 

CH^j, thenonecc4umnvouuxieof25%EtOAcinCH 2 a 2 , 53 dure used for the preparation of diphenyl [9-<3-0-t- 

and then 50% EtOAc in CHjO^ as duents. This procedure bu*yidimethyisflyi-23,&^^ 

afforded 9.4 mg (6.0% yield) of product NVisobutyrylguaiiosine)^^ 

Dfrhenyi [9-(3<*-Butyldime*^ Diphenyl [H3^Bcnzyi-W^dcoxy^D-nl)o^ex.5. 

nT)oh«ofurano«yl>-N 1 4soc«tyrylg^ ea<*nuv>ty!)-NM>euzYu^ (21) 

(*4) 60 The title compound was prepared by modification of 

To a solution of 9A mg (0.0138 mmol) of diphenyl related known ptxxxdures, ua * To a stiired solution of 300 

[9^<M«*utyldimethyiii^ mgof 3'^N^^enzylthymidine (0.710 mmol) and 874 mg 

S^iwfurajwsyiVN^-isosbu^ In of. (4.24 mmol, 5.97 equiv.) of dicyclohocylc«bodiim^ 

20 mL of MeOH was added a catalytic amount of 10% Fd (DCQ,in237mLof DMSO was added 0356 mL of a 1.0M 

on carbon. The mixture was hydrogenated at 260 psi of H 2 65 solution (0356 mmol, 030 equiv.) of orthophosphcric add 

(in a Parr reaction vessel) for 3 h. The mixture was filtered (Aldrkh) in DMSO. The reaction was stirred at room 

through Celite and concentrated. The crude product was temperature. After 19 h, 0.237 mL of dry pyridine was 



added, followed by 412 mg (0.710 mmol. 1.0 equiv.) of Diphenyl [9K2J.6^TWdeoKyAD-ril)oh«ofiiranoxyl)-N l - 

dipfaenyl l(tnphenylphosphoraoylidene)methyl] isobotyiylguaiiinej^-phospboiule (26) 

phosphooatc. Tte reacts was «tirredf«31li.TiK reaction Thisre*^ iiba^oo. rimitepnxxdurcby Bxrton ct 

mature was partitioned between CHUCIj and H 2 0, shaken , s so T „ r nn —^^i T^T^/^rn TTVTr 

and Minted. Tie organic layer was washed wife H 2 0and , ^^ of W«£L l [9 " (3 ~°", " 

dricTTbe residue was purified by flash cbnmatography on 3 ^^^^-f^^^D^botexcAraiwsyl). 

a 25 mm column usmg^ column yolwxTcH^™ ^^SS^S^^I^, * ^ ^ 

column volume of 5% EtOAc in CHXL. and moT 10% , * * Med 5-5 ■ L (5J mmo1 ' 11 of a LOOM 

EtOAc in CHjO, as eluents. This afforded 334 mg (805% Muraoa of tetrabuty l a m mon iu m fluoride (TBAF) in THE 

yield) of product The reaction is stirred at room temperature for 1 h. Then 20 

Dipheayl [l-(3-0-Benzyl-2,5,6-trideoxy-p*-D- 10 niLof MeOH is added. The reactioo is stirred for 5 min.. and 

ribohexofuranosyl>-N 3 -benzylthymine]^-phosphoaate (22) **■ concentrated. The residue is purified by flash chroma- 

To a stirred cokitioa of 334 mg (0J13 mmol) of dipheayl tography. 

{l-(3-0-benryl-2,5,6-trideoxy-p-D-ribo-hex-5- Dipheayl [ l^Z^^Trideoxy-p^D^bohexofuranosyl)-!^- 

enofuraiW6yl>N -bcrizylmyiiiiael^-prwspr^ is 7.7 mL beazoyicytosiiu^-phospfcxiate (27) 

of dry Br,0 was added 307 mg (1.03 mmol, ZOlequiv.) of « This compound is prepared from diphenyl \U3-0-l- 

h 4 '^ lK f v ^^ c ^ ac ^ pbooy i M^ade, 47 followed biityloTiiiethylsayl-2J4-uide« 

by 0143 mL of dry TE^ The reaction was refluxed for 14 N^beazoylcWS^^ 

washed S wThJ and dffi£ Su^TpSed^ » S^^^^^yO-NMsobutyrylguanineJ-e'- 

fl>shcfaroamtoyiphyooi25mm column osjiig one ccjumn V^^T^ r , mJJ „ _ . 

volume of CR 2 d^ one coJumn volume of 5% EtOAc in D V 6c «y 1 l9K2o4-TOdeoxy-fM^ribolra^ 

CHjOa, and then 10% EtOAc in CH£1 2 as duents. This bciizoyUdcm^]^-plK>^ (2S) 

afforded 244 mg (72.8% yidd) of product ***** confound is prepared from dipheayl [9-<3-0-t- 

Dimethyl [ l-(3-0*Benzyl-2.5,6-trideoxy-p-D- ^ tatyldimemyisu^ 

rjboheKoluxajK»yl)-H^ N*-beiiz0yladenitte]^-plK^^ by the same procedure 

CoiTuraajdly available CsF (100 mg) was flame dried used for the preparation of diphenyl (9^2^,6-trideoxy-&- 

while under vacuum, and allowed to cool to room tempera- D-ribohexofurauosyl)-N 2 -isobutyrylguaninel-6'- 

ture. To the dried solid was added 3.00 mL of dry MeOH, phosphonate. 

S^2^^ » (H2^ 4 6-TOdeoxy^D.ribo4iexofuraBOsyl). 

benzyl*2,5 t 6-tndeoxy-p-D-ribohexofuranosyl)-N 9 - w tomdmtW-ttoositao^ (2to 

beiizytobyniw]^-pa^^ stined for * Z^^TZ^a ^ 

20 h*aiidtlKn concents ^J^.^S^^f'S^ ^ 6 2**° yi IH3-04- 

between CH^ and HA tbakea, and separated The ^* in **^^W*^^ 

organic* were washed with M 2 0 and dried. The residue was thyniine]^^ibospbo«ate by the same procedure used for the 

purified on a 25 mm column itsiiig one column volume of *5 P™P*ration of dipheuyl [9-(2,5,6-trideoxy-p-D- 

CHjO^ one column volume of 2^% MeOH in OT 2 Cii, and nl>ohexotonosyl>-N 2 -isobu 

then 5% MeOH in CH2O3 as eluents. This procedure Dimethyl [9-(2^,6-Trfdeoxy-fi-D-r^^ 

afforded S5.9 mg (74.0% yield) of product isobotyryiguanine]^^ 

J* 11 *^ This compound is prepared from dipheuyl [9-05,6. 

Known utcratoreiiK^ phosphos^teandCsFinMeOHby ^ san^ procedure u»cd 

/ ^P rot f^«^ ^^5^^ CJ- for the preparation of dimethyl [HB^bcnzyl-^^ 

P^^ 1 ^^^^^^"^"^^ • trtdeoxy-M^bo^ 

for 19 h.TT* reaction was then fi^ benzoylcytodn^ (31) 

concentrated. IK* procedure afforded 2.0 mg (80-6% yield) ™* k J«I^J^<*^ 

of product as a colorless solid. a tri^KHWWk^^ 

Dibenzyi U-(3-0-Benzyl-2,5,6-trideoxy-p-D- S^ffi 
ribc^ofuran^^^ 

Thbprc<xdixewasbasedo«areia^ l«*utyrylguaii^ 

solution of 416 mg (0638 mmol) of diphen^ ll-QO- Dun,ctfa y i fHW,6^TOdeoxy-^D-ribohexof^^ 

beniyl-2,5,6-trideoxy-P-D-ribohexofurano«yl).N 3 - ss bc * zo 3^ciu«]^-pQosp^ (32) 
benzylltymiiie^-p^^ This compound k prepared from d^henyi [9-(24v6- 

was added 2.0 mL of a solution prepared by the adxhtioa of trideoxy-p~r>*ibohexofitt^ 

200 mg of NaH to 16.7 mL of benzyl alcohoL After 1 h, the pbo^pbonateby me same procedure used for teprcpa^^ 

reaction mixture was diluted with 50 mL of E^O. Excess of dimethyl [9^,6-trideoxy^D*ib^ 

gaseous CO^ was bubbled into the mixture. A get like ft ^butyiylguaii^ 

mixture formed which was dissolved in EtOAc This solu- Dimethyl [H24*6-Trideoxy-P-D-ribohexofuranosyl)- 

tkm was concentrated onto silica get The silica gel was thyii^]^^)hosphoiute (33) 

loaded onto a previously equilibrated 25 mm column and This compound is prepared from diphenyl [l-(2£,6- 

duted with one column volume of CHaO* then one column trideotxy-fUWbot^^ 

volume of 10% EtOAc in CH 2 a^ and then 20% EtOAc in 65 by the same procedure used for the iveratiou of^ 

CHjOa as etuents. TO* afforded 127 mg (293% yidd) of [9-(2,5,6.trideoxy.p-D-ribohexofuranosyl).N i - 

Product feotettyryiguaiiiM^ 



13 

[9-(2.5,6-Trideoxy-p-D-ribohexofuranosyi)-N 2 - Diphenyl [ K3^4,4^DimcdioxytritylJ-2^ 6-trideoxy-B- 

isobutyiyiguaniAcK-ptKMpbow acid (34) D^bohexofuranosyl)-^^ 

This reaction is based on a similar procedure by Barton et (42) 

ai^To a stirred, ice-coated mixture of dimethyl t9-(2,5,6- This compound is prepared from dipbenyi [i-(2 .5,6- 

trideoxy^I>dbohexofuranos^ s trideoxy-{^D-ribobexorurajra 

riiosphonate in 150 mL of CHjd^ is added L98 mL (15.0 ptosphoiiate by me same procedure used for the preparation 

mmoL 3.0 equiv.) of bromotrimemyisilaiie dropwise, over of <S|*«nyl [9^-044.4^dimethe*x^ 

several minutes. Hie reaction is stirred for 30 min^ and men D-ribohexofuranosyO-NMsobutyrylguanine]-^- 

tfae ice bath is removed. After stirring for an addtdoaal 10 h, fS^* 0 ?^^ rt xa a, ~ 

20 mLcfMeOH is added Thereat is stiiredto 10 ^J"* 1 KK^^g^ 

and then concentrated. The product is used without further g*** 6 * 0 ^^ 

purification. This compound is prepared from diphenyl 6- 

[H2,5,6^Trideoxy-P-D-ribohexofuranosyl)>K 4 -ben2oyl tridcoxy-£-D^oh« 

cytosineJ-^-pbospboiiic add (35) phosphonace by me same procedure used for the preparation 

This compound is prepared from dimethyl [1-<2A6- 15 of di|*eiiyl [9^3<H4**^^ 

trideoxy-|^D-rft>ofoexot^ D-ribohexofuranosyi)-N 3 -isobutyryiguanine]-6'- 

jx.osphonate by the same proc«o^ used for the preparation phosphonate. 

of [9-(2,5,6^trideoxy-P-D-ribohexofuranosyl)-N 2 - Diphenyl [ M3-C-(4,4 -Diraemoxytri^ 

isobutyiylguanine}^-phosphonic add. D-nl»hexofuranosyl)-tnyinu^ (44) 

[9-(2,5,6-Trideoxy-p-D-ribohexofuranosyi)-N«- 30 J™* compound is prepared from dipbenyi [l-(2^^ 

benzoyiadenme]-6^>phosphonk add (361 tndeoxy^D-ribohexoiii»nosy 

This compouad i« prepared from dimethyl [W.5- ^^T^t^Stt^^T^^^^ 1 

? JI" ( / * • , 1 i y " P : D ' s rib °^ XOfUr,,IOfyl) * N P-D-ribohexofur*no*yl).N l -isobutmlga*ninel-6'- 
isobutyrylguimncl-^-phosphonic add. pfaosphonate Irieaylammonium salt (45) 

[l-(2J,6-TrideQxy-^-D-ribohcx<rfuranoiyl)-thyniiae}-^'- A mixture of 3.00 mmol of dipbenyi [9-(3-0-[4,4'- 

poosphonic add (37) dimethoxytrityi] -2 J ,6-trideoxy- ^-D-ribohexofuranosyl)- 

This compound was prepared from dimethyl [l-(2£,6- M N 2 4sobutyrylgujuiine]^^)liosphonate is stirred in 100 mL 

trideoxy-^D^nxmexofniaiiosyl)^ <* concentrated aqueous ammonia at room temperature. The 

by the fame procedure used for the preparatioa of [9-05, reaction is monitored by TLC After ca. In. the mixture is 

6^(ieoxy-^D-rn>c^oteanc^l>tf^ conceafjited. The product b purified by flari chromatogra- 

ff-pbospbonic add. P°y- 

phospbonicadd(38) phosptowlc triemylamm^um (45) 

The entire crude [9-(2,5,6-trideoxy-f*-D- This compound is prepared from diplieuyi [1^3^)44^ 

nTx>bexcifm*nosyi)-N 2 -isoto dimethoxytrityi]-2.5,6^ 

add, from above, is heated in 150 mL of conceitfrated NM>enzoykytosizic}^-ph^ by the same procedure 
aqueous ammonia at 55° G for 18 h, and dicn concentrated. 40 used for the preparation of monophenyl [9-{3-0-[4,4 , - 

[ H2.5,6-Trideoxy-P-r>ribo^ dimethoxytrityi]-2.5,cVrt^ 

riiosphonic acid (39) N 2 -isobutyryigiiaiiire triemylanmmuiim 

This compound is prepared from f lK2^^4rideoxy-^r> 
ribohexofuranc»syl)-l^-te^ Monophenyi [9-<3<^l4y4 , -I)imemoxytri 

acid by the same procedure used for the preparation of 45 P-D-ribohexofuranosyi)-N«-benzoyladenine)-6 f - 
[9K2J,6^trid*wy-p-D-nT^ phc^honale triemylsjiimcHuum salt (47) 

jfcosphonic acid. TVs compcnind is pre^ 

f9-(2,5^TOdeoxy-|^^ 

rAc^phonic add (40) N^nwiioyWem^ by the same procedure 

inILnn,J u*r~*~A fr*™ < # <^u_ w a » »*l the I*eparitiott of monophenyl {c^-OW- 

ttr^ Moriophenyi U^W^Dimet^ 

Dipbenyi 35 £^^2^ ^ 

*>-f^«^^ ™* * P«P«d from dipbenyi [1«WM4*. 

(41) ^ dimethoxytrityi]-2J5,6^deoxy.^ 
To 5.00 mmol of dipbenyi [9K2J,6^radeoxy^l> myinuie]^-pbx>sr^ 
n^ohexofurajw«yi>N 2 -^^ *> preparation of moiiophenyl [9^3^4,4'nimethoxytriM 

(that is first OMictttra^ 2,5,6-trideoxy-p-D-ribohcxofuranosyl)-N a - 
pyridine, is added Z03 g (6.0 inmol, 1.20 equiv.) of 4,4*- isobolyiylyuasdneK tri^yianmicHniim satt 

aundhoxytritylchM Hie reaction is stoed for 15 h, and 9-(2-Deoxy-2-fl uoro- p-D-arabinof uranosy l)-N 2 - 
thea concentrated. The residue is partitioned between isobutyrylgtiaiiiae (49) 

CHjCla and 03% aq. NaHCO* shaken, and separated. The «s This exxnpouad is prepared from 9^2-deaxy-2^uoro-&- 
organic layer is washed with 05% aq. NaHC0 3 and dried D-anbinotuwK>syi)-gu^ by the same procedure used 
The crude product is purified by flash chromatography. for the preparation of N 2 4sobutyryi-?^!eo^ 
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9-[2-Dcoxy-5-0-(4,4^dimctfaoxytrityl)-2-flaoro-^D- trideoxy-p-D-ribo-hex-S-enof ur*nosyl)-N 2 - 
arabkofuriiKKyl]-N 2 4sobutyryiguaii^ (50) isosbutyrylgiuiK^J^^phosphoiute. 

dimemoxytri^^ 6^^(61) 

l-(2-Dcoxy-2-fluoro-fi-D-arabinofuranosyi)-N 4 - ™* compound is prepared from diphenyl [9-(3-CM- 
benzoykyto«iflc (51) twtyldinielhylsi^ 

This compound is prepared from l-(2-dcoxy-2-fluoro-p- hex-5-enc^urano«yl)-NMsobur^ 

D-anbtiK)furtiiosyi)cytosm by the time procedure used 10 the sanw procedure used for the preparation of diphenyl 
for the preparation of r^^iizoyi-r-deoxycytidiiie. t9.(3-0-t-butyidimethylsilyl.2,5,6-trideoxy-p.D. 
l-[2-Deoxy-5-0-(4,4 , .dimethoxytrityO-2-fluoro-^-D- ™*«<taMC^ 

arabiiK>furanocyi]-^4>enzoylcytoriM (52) Diphenyl [ H3^t-Butyidimeihylsayi-2 J,6-tridcoxy-2- 

This compouad is prepared from l-(2-deoxy-2-fluoro-^- fluoro-P-D-arabino-hex-5-enofuranosyl)-N 4 - 

D-arabin<rfittajiosyl>rVMjeo2c^ by the same pro- 15 beiizo^cytowneHy-phosphoiiate (62) 

oedure used for the preparation of N 4 -benzoyi-5 , 0-(4v4- This compouad is prepared from l-(3-0-t- 
dirnethc*ytrity^^ butyidiinemylsilyl-2-de^ 

9-(2-Deoxy*2-lluoro-P-D-arabinofuranosyl)-N** -r^-benzcykytosiiie by the same procedure used for the 
benzoyladenine (53) preparation of diphenyl [M3^4>utyi<umetfayMy^ 

This compouad is prepared from 9~<2-deoxy-2-fluoro-P- to trideoxy-{J-D-ribo-hex-5-enofuranosyl)-N 4 - 
D-arabinofurano$yl)ao^iihe 49 by the same procedure used benzoylcytosine)^^osphoiiate. 

^^'^T^T^a rs Di P hcfl y i [H3^t-Buryldimemyls^^^ 

dure ul^Tme'preparation of #JLa^Jw- 
dimeth<ixytrity^^ k~ a * 

1-f 2-DeoVw4^dimethoxytrity^ ft * ^If^ «* f * ^ <* 

arabiiic^uranosyi}^ 30 [WO +b «<yW^^ 

D^biiMfunuK^l^ymiiie 51 by the same procedure used Di P hcn y i [°^3<M-Butyidimemylsiiyl-2^,o^^ 
for the preparation of 5^4 t 4'HiimelrK>xytrityi)^ fluoro*p.D.arabitto-hex-5-enofuranosyi).N*. 
9-<3.0-t.Butyldimethylsayl.2-deoxy-2.fluoro-p.D- beazoyiadeidiiej^-pto (64) 
arabinofuraao«yi)-r^4sobutyr^ (56) 35 This compound is prepared from 9-(3-CM- 

Thts compouad is prepared from 9-(2-deoxy-5-0-(4 t 4*- bt^dimemylsayl-2-deoxy-2-fliKr^ 
dimethoxyu > ityl)-2-fluoro-^D-arabinofuranosyl]-N 2 - -hr4>ea2oyladenine by the same procedure used for the 
isobutyrylguaniaebythesameprocedm^ preparation of diphenyl (9^^4utyldimethylsflyl-2,5.6- 

ration of S'-O-t^utyldimethyisilyl-NMsobutyryl^'- trideoxy-p-D-ribo-hex-5-enofuranosyl)-N 6 - 
deoxyguaaotine. 40 beiizoyiadem^l^-plioqjrKXiJde, 

H3-0-t-Butyldimethyliilyl-2-deoxy-2-fluoro-p-D- Diphenyl [9^3^-Butyidimemykayl-2^^trideoxy-2- 
arabiiioruraiiosyl)-r^^ (57) fluoro-(^ai»biiK>hexotui*^ 

This compound is prepared from H2-deoxy-5-0-(4,4- phosphonate (65) 
dimctboxytrityl)- 2-fiu^o-p-D-arabinofurauosyll-N 4 - This compound is prepared from diphenyl [9-(3-0-t- 
benzoy k^to^ by Ae same prc<edure used for the prepa- 45 bmyidimemytofly^^^ 
V ^t° n rJL [ 3 '°- t - but y ^methy lsilyl-*rM>enzoyl-2'- hex-5^iK>f^c*yi).f^4>enzo^ 
T^^V^L^ « ■ if i "> j «m »~ b y to ""^ ProccAwe **** tome preparation of diphenyl 

[9-(3-0-t-butyidimethyisiIyI^^^ 
"Ifft^^ UVi., <n ribctoofuranosyi^^ 

benzoyiadeWby the same procedure used for tfe J prepa- 

ration of 3^0-t-butyldimethylsilyl-N*-benzoyl-2'- I \T P T^ 1 ' 

deoxyadenosine. This compound is prepared from l-(3-0-t- 

1^3.<>.t-ButyldimethylsayI-2-4eoxy-2-lluoro-p-D- 55 ^utyldimemylsiryl-2-deox^ 

arab^nofuraiiosyi)-ihynau)e (59) ^ymine by the same procedure used for the preparation of 

This compound is prepared from H2-deoxy-5-0-(4,4*- diphenyl [l-(3^-^kliiiKAyUflyM^ 

dimethoxytrityi>2-fl rioo^-5-eac4uranosyl>^ym^ 

by the same procedure used for the preparation of 3*-G-t- Diphenyl [ H3^-Btityidiii^ylsilyl^2 J,6^deoxy-2- 

butyldui^ylsirylmyiiuViine. 60 fluoro-P-D-arabinohexofurano*yl)-thymine]-6 f - 

Diphenyi [9^3<M-ButyldimemylsOyl-2^,6-trideoxy-2- phosphonate (67) 

fluoro~p-D-arabiao~hcx-5-eaofuranosyi)-N 2 - This compound is prepared from diphenyl [l-(3-0-t- 

isosbutyrylguaniiw^ (60) butyldimcmylsttyir24*6^^ 

This compound is prepared from 9-(3-0-t- hex-SniacfuraiK*yi)-thymine by the 

buMdimethylsflyl-^^ 65 procedure used for the preparation of diphenyl [l-<3-0-t- 

-NMsobutyryiguaniiie by the same procedure used for the butyldimethylsflyI-24,6^^ 

preparation of diphenyl (9^<>>t4)^l<hinediylsilyi-24,6- ftymine^-phosphoaate. 
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Diphenyi [9-(2,5,6-Trideoxy-2-fluoro-|J-D- [9^2^,6-Tri<icoxy-2-fluoro-^D^I>inohcxoiTiraaosyi>- 

arabinohexofuranosyi)-N 2 -isobutyrylguanine|-6'- NMsobutyryiguanine], 6'-pbosphonic acid (76) 

phosphooate (68) This compound is prepared from dimethyl [9-(2,5,6- 

This compound is prepared from diphenyi [9-(3-0-t- - trrdeoxy-2~fiuoro-{}-D-arabinohexofurauosyl)-N 2 - 

butyldimethyl$iiyl-2,5,6-trideoxy-2-fluoro-p-D- s isc4)utyiyiguanine]^^c«phoaate by the same procedure 

arabinohexofuranosyl)*N a -isobutyrylguanine]-6** used for the preparation of {9-(2^,6-trideoxy-{J-D- 

phosphonate by the same procedure used for the preparation ribohexofuranc4yi)-N 2 -isobutyryl^ 

of diphenyi [9^,6-trideoxy-JM>-r^^ add. 

isobiityiylguanmeJ^phosphcAate. [K2^^1tfdeoxy-2-fluoro-lS -D-arabinohexofuranosyl)- 

Diphcnyl [ l-(2«5.6-Trideoxy-2-fluoro-|J-D- io K*^iizoylcytc«inc]^i)ho^)honic tcid (77) 

arabinohexofuranosyi)-N 4 -benzoylcytosine]*6*- This compound is prepared from dimethyl [l-(2«5«6- 

phosphooate (69) trideoxy-2-fluoro-{}-D-arabinohexofuranosyl)-N 4 - 

This compound is prepared from diphenyi [l-(3-0-t- benzoykytosinej-o^-phosphonate by the same procedure 

butyldimcthylsilyl-2,5,6*trideoxy-2~fiuoro-f)-D- "«d for the preparation of [l-(2.5,6-trideoxy-{S-D- 

axabinohexofuranosyl)-N 4 -benzoyicytosine]-6'- ribohexofiiranosylVl^-benzoylcytosinel^-phosphonic 

phosphonate by the same procedure used for the preparation «d<L 

of diphenyi ( H2J,6-trideoxy-fM>-riboto^ [9K2J,6^Trideoxy-2-fluoro-^D-arabinohexoruranosyl)- 

benzoyk^tosinej^-phosphonate. ^4>inzoyladenine]^-phosphonic add (78) 

Diphenyi [9-(2*5,6-Trideoxy-2-fiuoro-p-D- This compound is prepared from dimethyl [9-(2^ 

arabinohexofiiranosyi>-h^-beii^ 20 trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N tf - 

(70) benzoyia<tenme]^-phosphonate by the same procedure 

This compound is prepared from diphenyi [9-(3-0-t- for the preparation of [9-(2^,6-trideoxy-P-D- 

butyldimethylsilyl-2.5,6-trideoxy-2-fluoro-p-D- ribohexofuranosyO-^-benzoyiadeninel^.phosphonic 

arabta>hexofurasK>$yi)-N^ * c " 1 - 

by the ume procedure used for the preparation of diphenyi 25 [ H2,5,6-Tride^xy-2-fluoro^D^^ 

[9-(2,S,6-trideoxy-p-D-ribohexofuranosyi)-N*- myimnej^-fjhospoonic add (79) 

benzoyUdeninel^^osphoaate. This compound is prepared from dimethyl [i-(23j5- 

Diphenyi [ l-(2,5,6-Trideoxy-2-fluoro-p>D- «ndeoxy-2-fluoro^M)-ara^ 

arabmohaofuraiK>syi)-mymiiM (71) phosphooate by the same procedure used for the preparation 

This compound is prepared from diphenyi [K3-0-t- 30 lH2A64rideoxy-p-D-riboh^ 

butyldimethylsUyl-2.5,6-trideoxy-2-fluoro-g-D- S?^!?^!? 4 - „ * ft ^ u . ^ A 

arabiiiohcxofuraiwsyi^^ by the same [9^,6-Jrtoox^ 

procedure used for the preparation of diphenyi [1^,6- guan^J^hosptomc add (80) 

trideoxy^D^ibohexofu^^ Tbh com P ouo<1 ** P«pared from [9H2^,64rideoxy-2- 

Dimethyl [9-(2,5,6-Trideoxy-2-fluoro-p-D- 35 ««oroJ^ 

arabinohcxofuranosyl)-N a -isobutyrylguanine]-6'- * i>oosphoiuc^ by the same procedure used for the 

phosphooate (72) preparation of [9^2A6*rideoxy^ 

This compound is prepared from diphenyi [9-<2A6- fJ , *^^^ 0 ^ b ^* d<L o r> ^ u A 
trideoxy^^o-p-D^ U«2^Tn«^ 
isobutyrylguaiime]^-phosphoi^ by the tame procedure 40 cytoo^J^iJhosphooic ^<?1) 
used for the ireparao^n^dimethyi l9^^rideoxy^ M cmpmi is prepared from tlKW^tadeoxy-2. 
D-ribohcxofulWsy^ 

phosphooate. phosphonic add by the same procedure used for the prepa- 

Dimethyl [ l-(2,5,6-Trideoxy-2-fluoro-P-D- M ^ tl^£6^ide^ 

arabinohexofurano.yl).N 4 .benzoyicytosinel.^ 45 ^^^S^T^ ^ M ^ , 
Dhosohonate (73) [9^2 t 5,6^Tndeoxy-2-fluon>-P-I>arabinohexofuranosyi>- 
r K " s P B%jamc v adetune}^~phosphooic add (82) 

Thi. compound i« prep-ed fam diphcnyl [1-CW,6- ^ co^pou^p^p^ from 
ttideo^-fluwo.J.^.binohexofur.no^-^- flu«o:f£2nrt^^ 

bc^lcy^meK^o.phoQ.teby procedure ph^c^by^ ^p^c^^fortnepV 

anfrnohexofunn^ fluoo-p-D^arabtno^ 

C 74 ' 53 tf-pootpooaate (83) 

This compound is prepared from diphenyi [9<2,5.6- Hds compound is prepared from diphenyi 19~Q£JS- 

tridcoxy-2-fluoro-p-D-arabinohexofuranosyt)-N*- trideoxy.2.fluoro-p.D.arabinohexofuranosyl)-N a . 

beiizc^iadeninel^^hosphoiu^ by the same procedure isc*utyiylguaititte]^f^^ by the same procedure 

used for the preparation of dimethyl (9^^deoxy> used for the preparation of diphenyi (9-0-044*4'- 

D^ohexcfuranosyl)-^^ « diniethoxytrityi]-2A^^ 

Dimethyl I l-(2 t 5,6-Trideoxy-2-fluoro-|J-D- N 3 4sc4>uQiyiguanme}^^)ox)sphonate. 

ar«buwb<xc4urano*y^ (75) Diphenyi [M3-044,4^rfoiiethoxyt^ 

This compound is prepared from diphenyi [1-(2A6- fluoro-^D-arahinoliexofunnosylV 

uideoxy-2~fiuoro-p4)-araDiiioh^ phosphonate (84) 

phosphooate by the same procedure used for the preparation 65 This compound is p rep ai ed from diphenyi (l-(2,5,6- 

of dimethyl [H2^,6^trideoxy-P-D-riboliexofuranosyl>- ttideoxy-2-fiuoro-$-D*arabinohexofuranosyl)-N 4 - 

thymine]^-pho*phoaate. beiuoyicytosisttl^-pbosphoaate by the same procedure 



used for the preparation of diphenyl [H3-0-14.4'- tlkyUmine controlled pare glass (LCAA/CPG) via a sucd- 

dimcthoxytntyiJ-2J,6-trideoxy-P-D-ribohexofuraDosyl)- sate linker using standard methods. 3 * The 3'-0-DMT group 

N 4 -beazoyIcyto«iBc}-6'-pbosphoiute. on me support bound nucleoside is cleaved with 3% (v/v) 

Diphenyl [9^3^[4,4^DLm<^xvtrityi}-2 J.6^tridcoxy-2- dishloroacetic acid in 1^-dichloroedwuie (DCE). After 

fluoro-p^D^abinoliesotoanosyl)-N tf -benzayladeiune]-^- s washing with DCE, and then pyridine, coupling of the 

phosphonate (85) appropriate monopheayi nucleoside^-phosphonate as its 

This compound is prepared from diphenyl [9-{2.5,6- tricthylammonium salt is effected with the coupling agent 

trideoxy-2-fluoro-P-D-arabinohexofuranosyl)-N*- 1-meshylenesulpbxHiyl-^^ (MSNT) and 

beozoyUdenine]-6'-phospboiute by the same procedure l-methylimidizole (NMI) in pyridine. This coupling is 
used for the preparation of diphenyl [9-o_0-[4,4-_ w »Uowed to occur from 15-^t5 minutes. The support is then 

dimethoxytrityi]-2J.6^trideoxy-P-D-ribohexofurinosyl)- ***** Pyn^ Tbe oligo containing support is then 

N^-benzoyUdenincl-ff-phosphonate. trcated *•* m ACjQ/Iuudine/DMAP is capping solution. 

Diphenyl [ HS^^^^Dixnethoxytrityl^l J.6^rideoxy-2- ^^S^^^^^^^^^^ 

lluoro-p-D-ar.binohe X ofuranosyl)-thymine]-6'- ^J%L ^SS^t^JS^- ^Z*^ Wim 1 fir ? t 

DhosDhoMte (S6i .< DCE, pyndine, and then DCE again. Then the cycle is 

TtuTcSwund is prepared from diphenyl fl^6- re P^ ed ^^T"^^ COUpling ' 

D-ribohexofoaiiosyi^ 20 G for 20 h. After drying In vacuo, the oligonucleotide is 

Monopheayi [^<^(4,4 , -DinK^oxytrit^ purified by either HPLC or polyacry iamide gel eiectiophore. 

2-fiuoro^D-arabmohexc&rai^ sis (PACT)* 

^-phosphonate triethyianunonium salt (87) . 

This compound is prepared from diphenyl [9K3-0-[4,4'- Keterences 

dimethoxytrityi]-2,5,6-crideoxy-2-n , uoro-p-D- 25 Stein, C -V; and Cohen, J. S. Cancer Res* 1988, 48, 

arabtnohexofuranosyl)-N 3 -isobutyrylguanine]-6 4 - 2659-2681 

phosphoaate by the same procedure used for the preparation 2. van der Kroi, A. R.; Mol, J. N. M.; and Stuirje, A. R. 

of monophenyl [9-0-0-[4,4'-cUmethoxytrityl]-2 ,5,6- BioTechniques. 1988, 6, 958-976, 

tridcoxy^D-nlxih^ 3. VSWntraub, H. M. Scientific American. January, 1990, 

phosphonate triemylammonium salt » A 7^ . f „ 

Monophenyl (1^^14^Diiiiethoxyo1r^ 4 * jLS^^^ ^^^^coddes: Antisense 

2*uoro-(H^^^ c4S^ V* S * °* M 

ff^osphonate triethyianimc^um^ (88) m !&J™*?£J^^* m * M ^ nL 

^^c^^n^^^f^^^L r,/irv fi 4. 5, R B. Dervan in t X>!igodeo«ynucleotides: Antisense Lihibt- 

nus compound is prepared from diphenyl [H3-0*{4,4- tors of Gene Exr^k>n/ chanter 9 t « rolvn t+A \ 

dimethoxytrityI].2,5,6.trideoxy-2.1luoro-p.D. 35 ^89 ^CftS^SJffil ^ ( * 

ai^nohexofuranosyl)-N<^^ 6.P. B. bervanm^ud^^ 

phosph<NUtebytheiai» volume 2, pp 49-64, t Eckstein and D. M. J. LiUcy (c£x 

of monophenyl [HS-O-^-dimethoxytrityl]^^^ 1988, Sp^-Vcriag, V 

uideoxy-^IVriboIra^ 7. Zon, G. Pharmaceutical Res* 1988, 5, 539-549 

phosphonate tricmybrnmoniurn salt 40 & G A. Stein and J. S. Cohen in ^ligodecsyuudeotides* 

Monophenyl f 9~{3^[4^.1>imcm^ Antisense Ittflrfton of Gene Expression,- chapter 5 J S 

2-fliwro-P-r^araWiio^ Cohen (ed,), 1989, CRC Press, Inc. Boca Raton, Fla. 

o^-phosphooate triemyiammomum salt (89) 9. M. H. Canithers in ^Ugodeosynud«*ides: Antisense 

This coiopoiindis prepared from diphenyl [9-(3-<M4,4 , - IhhMtars of Gene Expression," chapter 1, J. S. Cohen 

dimethoxytrityi]-2,5,6-tridcoxy-2-fluoro-p-D- 45 (ed.), 1989, CRC Press, Inc. Boca Raton, FU. 

arabinohexofuraiwsyi^ 10, a. Grandas, A.; Marshall, W. Nielsen, J * and 

by the .^procedure used for top Canithers, M. H. Tetrahedron Lett* 1989, 30, 543-546. b. 

JHW 4 ^-*""^ Brill* W. K. -D.; Tang, J. -Y; Ma, Y. -X; and Canithers, 

ribohexduranc^l)-N^^ hi- XL H. J. Amen Chem. Soc^ 1989, 111, 2321-2322. c 

ethy l a tnmonii i m salt 50 Carutfaers, M. tt; Beaton, G.; Mil, K. -D.; Omimins, 

Monophenyl (KW4^Dimethe^ L.; Ma, Y -X.; Marshall, W. S.; Nidsen, J.; Sasmor, R; 

2-fluoro-p-D-arabinohexofuranoiyl)-thymine]-6 t - and Yau, E. ^Synthesis and Biological Studies with 

phosphonate triem ytonm c w k im salt (90) DWiioateDNA. w PlTsein^ 

This a>nipound U prepared from diphenyl (H3-0-{4,4'- Table: Nucleosides, Nucleotides, and their Biological 

dimethoxytrityl]-2,5,6-trideoxy-2-n , uoro- p-D- 55 Ar^Ucations; Jul 30-Ang. 3, 1990, Uppsala, Sweden. 

arabin<>hexofuraiiosyl)^yiru^ by the lLRS.Miteia*X)ligoi^ 

same procedure used for the preparation of nwnophenyi tors of Gene Expression,- chapter 4, J. S. Cohen (ed.), 

[ l-(3-0-(4,4 , -dimethoxytrityl]-2,5,6.trideoxy-P-D- 1989, CRC Press, Inc. Boca Raton, Pla. 

ribohcxoruraiK)syl)^yTn^ triemylammo- IX Engel, R. Chem. Ant, 1977, 77, 349-367. 

? um k tt f t ^ w * 13. Jones, G. H.; and Moffatt, J. G. J. Amcr, Chem. Soc^ 

Synthesis of Oligonucleotides 1968, 90, 5337-5338. 

OUguuderides are synthesized from the 5 , -end to the 14. Pad>uk0va, N. S.; Karpeisky, M. Y; Kolobushkina, L. I- 

J-end. The phc>sph<)triester incthod of oligooucieotide syn- and Mititaflov, S. N. Tetrahedron Lett* 1987, 28, 

thesis described by Sproat and Gait is used. M Appropriately 3623-3626. 

protected 3 , <H4y4'-<Iii»a^^ having a 65 15. MfthaJkv, S, N.; Padyukova, N, S.; Karpeisxii, M. Y; 
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What is claimed is: 
L A compound having the formula: 
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wherein: 

45 B is adenosine, ^-beiizoyladetiine, myrntne, guanine, or 
N 2 4sobutyrylguanine; and 
each R 2 is independently hydrogen, phenyi alkyl ( 1- 12Q 

or hydrogeatriemyiammc^nium ion. 
X The compound of claim 1 wherein B is guanine. 
50 3. The compound of claim 2 wherein R 2 is hydrogen. 

4. The compound of claim 3 wherein B is guanine. 

5. The compound of claim 3 wherein B is 
NMsobutyiyiguanine, 

6. The compound of claim 3 wherein B is adenine. 

ss 7. The compound of claim 3 wherein B is 
!^4>enzoykdeaine. 
8. The compound of claim 3 wherein B is mymine. 
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A. S3 Declaration by Inventor(s): 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as slated below next to my name; 

and 

I verily believe that I am the original, first and sole inventor (if only one name is listed 
below), or an original, first and joint inventor (if plural names are listed below) of the subject 
matter thai is claimed in letters patent number 5,672,697 granted on September 30, J 997 and in 
the foregoing specification and for which invention I solicit a reissue patent; 

B. □ Declaration by Assignee: 



Enter the Group Art Unii and Examiner from which the original patent was issued. 
1 This declaration musl be accompanied by Consent of Assignee for Reissue and Assignee's Statement of Ownership 

Interest. 
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Note: The assignee of the entire interest may make the declaration if the reissue application does not seek to enlarge the scope 
of the claims of the original patent, 37 C.F.R §1.172. * . 

@@ (Name of declarant), @@ (title), of @@ (Name of company or legal entity on 
whose behalf declarant is authorized to sign) declare that I am a citizen of @ @ and resident of 
@ @ , that the entire title to letters patent number @ @ for @ @ , granted on @ @ to @ @ is vested 
in @ @ (name of company or legal entity), that I believe said named inventor(s) to be an original, 
first and sole inventor (if only one name is listed) or an original, first and part inventor (if plural 
names are listed) of the subject matter that is described and claimed in the aforesaid letters patent 
and in the foregoing specification and for which invention I solicit .a reissue patent 

ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims. 

I acknowledge the duty to disclose all information known to be material to the 
patentability of this application in accordance with 37 CJF.R. § 1.56. 

□ In compliance with this duty attached herewith is an Information Disclosure 
Statement in accordance with 37 CJF.R. § L97. 

PRIORITY CLAIM 

I hereby claim foreign priority benefit under 35U.S.C. § 1 19 of any foreign application(s) 
for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of any application 
on which priority is claimed. 

No such applications have been filed. 

Such applications have been filed as follows: 
Country Application No. Date Filed Priority Claimed 



STATEMENT OF INOPERATIVENESS OR INVALIDITY OF ORIGINAL PATENT 

37 C.F.R. §1.175 

That I believe the original patent to be 
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partly 

wholly 

inoperative or invalid by reason of 

n a defective O specification, D drawing, Dboth 

^ said patent claiming 
d more 

13 less 
than patentee had a right to claim. 

The scope of ihc claims of the original patent 

are enlarged 
are not enlarged 

by this reissue application. 2 

In particular, patentees erred in not claiming the chemical compounds set forth in claims 

9-26. 

NOte: sn^««o D n e «rH^ t - m -"l^ te at ieBS L°H e ar ^ In ori 9 ina, and Ascribe «. e.g., "by reason of a defective 
eK^^^TS "yn^f^P^ntee clainVng more or lees than he had the right to claim In the patent.' 
^Z.*t£^ ??l e d l erts and ****** specifying the excess or insufficienoy in Ihe claims. It is no longer required 
n^=^£?£ f to ^ the error arosa oroocurre d- 'f any errors are corrected during reissue prosecufioV that were 
not specified herein, a Supplemental Reissue Declaration must be filed prior to allowance In compliance with 37 C.F.R. 

All errors being corrected in this reissue application up to the time of filing of this 
declaration under 35 CFR § 1.175(a) arose without any deceptive intention on the part of the 
applicant 

OFFER TO SURRENDER ORIGINAL PATENT 37 C.F.R. §1.178 

Applicant hereby offers to surrender the original patent, the reissue of which is sought 
herein. 



"35 U-S-C. §2S1 forbids enlarging the scope or die original claims unless the reissue application is filed wiihin two 
years of the grant of the original patent. 
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I hereby appoint the following persons as attomey(s) and/or agent(s) to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith; 



John W. Caldwell Registration No. 28, 937 

Joseph Lucci Registration No. 33,307 

of WOODCOCK WASHBURN KURTZ MACKffiWICZ & NORRIS LLP, One Liberty 
Place - 46* Floor, Philadelphia, Pennsylvania 19103 and 



Herb BosweJl 
Laurel Bernstein 
Edward D. Robinson 
Robert S, Andrews 



Registration No. 27,3 1 1 
Registration No. 37,280 
Registration No, 43,049 
Registration No.P44,508 



of ISIS PHARMACEUTICALS, INC, 2292 Faraday Avenue, Carlsbad, California 92008 
Address all telephone calls and correspondence to: 
Joseph Lucci 

WOODCOCK WASHBURN KURTZ MACKIEWICZ & NORRIS LLP 

One Liberty Place - 46th Floor 
Philadelphia, PA 19103 
Telephone No. 215-568-3100. 

I hereby declare thar all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and ihe like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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870 Campus Drive #303 


Signature 

Date of Signature: _ 


Citv/State of Actual Residence: 

Daly City, CA 94015 


rMraiehtp; U.S.A. 


Name: 1 
Mark Matteucci 




Mailing Address: 

1524 Columbus Avenue 


Signature 

Date of Signature: 


City/State of Actual Residence: 

Burlingame, CA 94010 


rui^nship-. U.S.A. — 


Name: 

NoTbert W. Bischofberger 




A/Tail in<r Address: 
1116 Cedar Street 


Signature 


Citv/State of Actual Residence: 
San Carlos, CA 94070 


Date of Signature: 

Citizenship: U.S.A. 
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Same: 

Brian Froehler 



Mailing Address: 

2310 Monserat Avenue 



City/State of Actual Residence: 
Belmont, CA 94002 



Date of Signature: 



Citizenship: U.S.A. 
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City/State of Actual Residence: 



Name: 
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City/State of Actual Residence: 



Date of Signature: 
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Note: 



: Evan Though inventors) do not sign, complete above Information for inventar(s). 
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tecutive Vice President and 
Chief Financial Officer 

Check proper box(es) for any added page(s) forming a part of this declaration: 

Q Signature for fifth and subsequent joint inventors. Number of pages added . 

Signature by administrator(trix), executor(trix) or legal representative for deceased or 
incapacitated inventor. Number of pages added . 

Signature for inventor who refuses to sign or cannot be reached by person authorized 
under 37 CF.K § 1 . 147. Number of pages added . 

CU Authorization of attorney(s) to accept and follow instructions from representative. 
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TO ACCEPT AND FOLLOW INSTRUCTIONS FROM REPRESENTATIVE 



The undersigned to this Combined Declaration and Power of Attorney hereby 
authorize^) the U.S. Attorney(s) named herein to accept and follow instructions from: 



Name(s) of authorized representative(s) 



Address 



as to any actions to be taken in the Patent and Trademark Office regarding this application 
without direct communication between the U,S. attomey(s) and the undersigned. In the event 
of a change in the person(s) from whom instructions may be taken, the U-S- attorney(s) will be 
so notified by the undersigned. 



